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ABSTRACT 
Changes in heart rate; oral temperature; me�n skin 
temperature; urinary pH, volume, sodium, potassium, chloride, 
�rea and creatinine; salivar;y: pH, sodium, _·potassium and urea; 
expired air and oxygen consumption have been monitored in young 
lJlen doing ( 1_) exercise on an ergometer for 4 min at 100, 200, · 
300 and 400 dry bulb 50% rh at 120-320 w;· (2) 20 min at ;oc.
dry bulb at 50% rh, 60% rh, and 85% rh at 120'W, 145\i.and 170W; 
and(;) 60 min at 200, 300 and 400 dry bulb and SO% rh at 170w. 
Changes in work rate, environmental temperature, 
relative.humidity and exposure time were found to correlate 
. ' 
well with the urin�ry and salivary changes and in moat cases 
changes in both work rate and ambient temperature produced 
simple summation effects. The increase in salivary components 
correlated well with the decrease in urinary components. 
Salivary sodium, potassium and·Na+;x+ ratio increased 
significantly when work intensity, exposure time and environ:�. 
mental temperature were increasedo Salivary urea correlates 
significantly with increased exposure time. The elevated values 
for salivary components may be explained on the basis of 
volatilization caused .by forced vent�lation during exercise; 
increased penetration of plasma components into saliva; 
increased water reabsorption, decreased sodium reabsorption, 
Jnd increased potassium secretion in the ductile system of the 
salivary glands due to increased sympathetic activity. The 
pesulta show that changes in saliva give a valid indication 
Qf the body's response to work and environmental stress and 
suggest that saliva could be used to study the combined effects 
Of work and heat in places where it is impracticable to obtain 
�amples of blood or urine. 
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I. AIMS OF THE PRESENT STUDY 
As we will see later, only a limited undefined amount of work 
has been reported on the effect of work on salivary electrolyte 
contents and none on the combined effects of work and heat. One 
of the main objectives of the present study is to investigate 
whether blood or urine or both can be replaced by saliva in order 
to monitor changes in body electrolytes especially sodium and 
potassium. Saliva is a more convenient fluid to take from people 
working in different fields and if it can be shown to reflect 
changes due to exposure to work and heat, it might be used to 
assess occupational hazards caused by exposure to such environments 
and other aspects of stress in industrial and agricultural work. 
As a personal need in future work in the Middle East especially, 
there are many occupational hazards due to exposure to heat "among 
industrial , agricultural and military people working ':in :the;summer 
when the environmental temperature ~eaches'45-506C. Additionally, 
there are people who travel repeatedly from cold areas to hot areas 
and back due to the needs of work in industry, agriculture or 
military service. The biggest problem for these people is when 
they are exposed transiently to higher environmental temperatures 
as an occupational hazard. Strenuous physical exercise performed / 
under hot environmental conditions has been notorious as a cause 
for heat stroke, such as with the crews of oil tankers in the 
Persian Gulf and underground workers in the deep mines of South 
Africa. In athletics there are many examples; in 1960, three 
Danish cyclists at the Olympic games in Rome became heat-stroke 
victims and a fatal case occurred in the Tour de France "in 1959. 
Other cases have been described in football players, in runners 
after marathon races, and in race-walkers during hot weather. The 
military services have always had many case~ of heat stroke. 
If changes in saliva can be correlated with exposure to work 
ih the heat, one can consider further studies monitoring the 
physiological effects of other stresses. This thesis is an attempt 
to validate the use of saliva and to relate it to changes in 
cardiorespiratory parameters, oral and skin temperature as well 
as urinary contents during different work loads at different 
environmental temperatures and humidities during short and longer 
transient periods of work. 
11 
II. INTRODUCTION 
Human environmental physiology is becoming important 
and continuously new ideas and techniques are being developed to 
add more knowledge to this important field of research. Great 
emphasis has been put on the human responses to work in hot 
~nvironments in order to measure and improve different indices of 
work and heat - stress. Since incapacitation of men due to heat 
has been a hazard for many years in hot industries and in military 
operations in the tropics. There is also the necessity to assess 
the hazards,.,of transient exposure to very hot environments. Much 
research have been done in the field of human environmental 
physiology by employing techniques to measure the physiological 
response of the body, especially cardiorespiratory and biochemical 
responses. Most investig~tions have been done on blood and to a 
lesser extent on urine, yet, in£act, one would expect that large 
variations in blood would be accompanied by a response by the 
kidneys resulting iU changes in urine. Since it is rather 
difficult to obtain blood and sometimes even urine samples are 
inconvenient from people working in hot fields either because of 
• the nature of the work they are doing or because of personal 
embarrassment, one might wonder if an alternative to blood or 
urine could be found. One of the main objectives of the present 
study is to investigate the p~ssibility of replacing blood or 
urine with saliva as a more convenient fluid to study the 
physiological responses to work in heat. 
Investigations of the effect of work and environment 
have been of two general types: They are measures of thermal-
stress derived on the basis of (a) the thermal equilbrium between 
the individual and the environment (b) the physiological responses 
which occure as a result of the environment. However, there are 
other factors which affect the physiological response to work in 
the' heat. Macpherson (19601' showed higher resporl.ses in the after-
noon than in the morning and Iampietro et al (1957) showed that 
diurnal variations in physiological measurements were dependent 
on the intake of food, and that if this source of heat were 
removed exercise virtually abolished the customarily noted 
diurnal effect. 
( 
I
·Refered 
I ~1962) 
to by Williams et all 
I 
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S.TRESS 
The word 'stress' generally gathers~two concepts: the 
first consists of factors or stimuli, Usually external to the 
individual, which demand some response or changes in behaviour 
such as the stress of work, athletic competition, and cold or 
heat stress which have been called stressors. The second concept 
refers to the response ot the individual when placed in a 
threatening environment, i,e, stress or being stressed referring 
to the composite of physiological or psychological changes evoked 
by exposure to the threatening environment. Thus, heat, cold, 
noise, vibration, accidents and hunger may all be stressors. The· 
role played by adrenal-medullary and adrenal-cortical hormones in 
human adjustment to environmental demands has been clearly 
documented in experimental research. In tact, any change ,in our 
environment can be considered a potential stressor. Whenever a 
situation is perceived as threatening, impulses from higher 
nervous centres to the hypothalamus activate the autonomic 
nervous system. This leads to a number ot peripheral changes in 
the body such as an increased production in the adrenal medulla 
ot the 'stress hormone' adrenaline. The· increase in adrenaline 
production, in combination with impulses trom the midbrain centres 
increase the production of hormones trom the pituitary which then 
regulates the production of hormones in other endocrine glands. 
These hormones in turn affect a number of organs such as the heart 
kidneys, etc. These changes constitute a.plan of defence or 
adaptation which is applied to meet noxious influences in the 
environment. The transfer of heat from the deep tissues to the 
skin surface, for example, depends on the core temperature, the 
skin temperature, and the effective conductance between the deep 
tissues and the skin. Skin temperature is influenced by the 
environment, but the rate of heat transfer from the deep tissues 
to the skin at a given skin temperature is not. Thus, skin 
temperature is a quantity directly and separately involved in 
heat transfer inside and outside the body, and may properly 
constitute one of the terms in which both stress and strain may 
be expressed. Evaporation is not under direct physiological 
control. The relevant physiological process is sweat production 
and the evaporative heat loss which results is determined by 
13 
environmental. factors. Although evaporation can not be used in 
the expression of strain, if one could express stress in terms of 
required sweat rate rather than required rate of evaporation, the 
expressions for stress and strain would be compatible. 
The same stressor produces diverse manifestations or 
even different responses. SeJ.ye (1975) indicated that qualita4ri7 
tively different stimuli of equal stressor potency (as judged by 
their ability to elicit the triad or ACTH and corticoid productio 
do not necessarly cause the-same syndrom in different individuals 
and even the same degree of stress induaed by the same stimulUs 
may provoke different les",ions in different individuals. This has 
been traced to what is called conditioning factors which can 
enhance or inhibit one or other stress effects. Therefore, 
conditioning may be internal (genetic predisposition, age, or 
se~) or external (treatment with certain hormones, drugs, 
environmental elements, or dietary constituents) and under the 
influence of such conditioning factors (which determine sensi~.j_, :''-; 
tivity), a normally weli-tolerated degree of.,stress can become 
pathogenic and cause diseases of adaptation, selectively affecting 
I 
a predisposed local body area. I 
Stressor effect 
AGENT 
n .~-,-:_.".--., H Specific effect I 
11 
11 
11 
11 
11 
11 
11 
Exogenous 
'----+--1 conditioning 
TARGET 
I (Selye 1975) I 
The above figure illustrates that every agent possesses both 
stres.or and specific effects, the former are non-specific by 
I 
I 
I 
I 
I 
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definition, and common to diverse stimuli, whereas the latter 
are variable and characteristic of each individual agent. Since 
all stressoxsnecessarily do have some speci~ic effects, they 
can not always elicit exactly the same response, and even the 
same stimulus will act differently in different individuals, 
depending upon the above-mentioned internal and external 
conditioning factors that determine reactivity. Selye (1975) 
stated that when the organism is under considerable stress, it 
has to secrete an increased amount of ACTH and corticoidsto 
maintain life, even at the cost of a decrease in growth, gonadal 
development or during potentiation of lactation and actual milk 
prmduction. 
ACCLIMATIZED AND UNACCLIMATIZED INDIVIDUALS 
It is clear that only in favourable environments man call 
produce .. ·sustained and repeated effort and at the same time remain 
in good physical condition. Man, on the other hand, can survive 
and function under a wide range of external stresses and the 
ability to survive and work in hot or cold climates depends on 
physiological mechanisms for temperature regulation and on his 
behavioural response. When work is performed, the displacement 
of physiological functions from their resting levels to higher 
working levels requires an additional energy expenditure and it 
is clear thatthe\~eavier the work load, the mo:ne energy is 
spent to adjust and maintain physiological functions at their 
level of activity. In work at higher temperature, for a certain 
amount of energy required by physical work, an increased 
physiological effort is needed to maintain:., the body temperature 
as close as possible to its normal level. If this not done 
efficiently, the physical work can not be maintained for an 
appreciable length of time and some physiological ~unctions can 
reach dangerously high levels. during work and take a long time 
to return to resting levels. Thus, when an individual is abruptly 
exposed to heat and remains inactive, the normal thermoregulatory 
mechanisms -peripheral vasodilation and sweating- are adequate 
to prevent overheating in the face of a large environmental heat 
load. Although.vasodilation has greatly increased the voihume of 
the peripheral vascular bed (i.e, imposing an added load on the 
15 
qardiovascular system), this does not lead to any distress under 
these conditions. Sweat losses, although a potential threat via 
dehydration, are not sufficiently great to become meaningful in 
an inact!va. 'man until many hours have passed. Therefore, sedentary 
activity is usually well tolerated in the heat. If the individual I 
is required to exercise moderately, e.g. walk at 4 mph, the body I 
is faced with a requirement to SUPPQJ;'t the exercise which involves 
vasodilation in muscle and a diversion of large amounts of blood 
to the muscles leading to decreased blood circulation through 
skin, splanchnic areas, and brain. Thus, people have to stop work 
because of dizziness or faintness. Unacclimatized man trying to 
do work in the heat SUffers from incipient circulatory shock. 
In addition to and probably as a result of cardiovascular 
inadequancy, temperature regulation suffers appreciably, since 
impaired blood flow also means impaired heat transfer from the 
body core to the skin; hyperthermia becomes a distinct danger. 
The profuse sweat production during work in the heat (so necessary 
for evaporative cooling) poses the threat of dehydration. Since I 
the sweat secretion is rapid at the expense of blood water, this I 
further exaggerates the inadequacy}of af "!:bod volume. 
FACTORS INVOLVED IN RESPONSE TO WORK IN HEAT 
Environmental temperature, humidity and air movement 
are among the most common environmental factors which influence 
the physiology at work. Actually, the human is in a much better 
position to counteract the effects of low temperature (cold 
storage, freezing of food product, outside work in winter, etc.) 
than those of high temperature (laundries, paper mills, steel 
mills, etc.). Many factors affect the physiological response to 
high. temperature. Water and salt content of the body, state of 
health and nutrition, individual characteristics, degree of 
physical fitness, work load and heat aceaimatization. Water 
balance is very important for subjects doing work in hot environ-
ments since if water is withheld, the body temperature and heart 
rate increase to high levels and the plasma proteins raised 
causi1;lg exhustion due to dehydration. Therefore, the closer the 
water intake equals to sweat loss, the better. Salt content of 
the body also has an important effect on the response to heat 
16 
because continued lack of salt leads to heat cramps. It has been 
found that salt deficiency leads to poor physical performance 
and predisposes heat exhustion even before the stage of cramps. 
The effect of age on heat tolerance appears to be related 
primarily to the immature cardiovascular system of children and 
an inadequate sweating response and decrease in cardiovascular 
fitness seen in older women. The ability to adapt to heat is 
lessened by age and body size is sometimes crucial in determining 
a subject's ability to survive in hot conditions. At higher 
ambient temperature, age differences can be observed also during 
light and moderate work. Low tolerance to hot environment in 
individuals below 12 and over 40 years of age and in young 
. (/q&f,)H 
women is thought by L6fstedt to result from lower sensitivity of 
the perspiration-regulation mechanism to rise in ambient 
temperature.Lind (1952fatated that during hot working ~ondition~, 
deep body temperature was higher in people aged 47 years than 
those aged 27 years. The physiological responses of women to hot 
environments are said to differ from those of similarly exposed 
men. Certain of these differences have been correlated to physical 
dimensions and body composition while others have been ascribed 
to hormonal functions. Certainly, women appear to be less heat 
toleranm,than men and generally under similar conditions they 
produce less sweat and thus can be physically less efficient in 
their evaporative cooling mechanism. There is a significant 
correlation between physical fitness and tolerance to heat 
because of more efficient cardiovascular and vasomotor systems 
I 
I 
I 
" in fit individuals. Acclimatization to dry heat includes the 
ability to produce more sweat under the same1pmperatureoonditions,,1 
while acclimatization to moist heat involves modifications in i 
circulatory function. Acclimatization raises the tolerance to I 
high temperature as well as work output and.makes the subject I 
more comfortable. Thus, low heart rate, low re~tal temperature I 
and low sweat rate are associated with low resting rectal 
temperature, more efficient cardiovascular system, low heat 
production value·'and sufficient amount of heat being conducted 
to the skin. f'~~~==~----------~~--------------------------
I·Refered to by Lind ('1963) 
I"Refered to by SOltysia~ 
!,ret al (1971) . . 
- '-' . , .... , 
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CARDIOVASCULAR CHANGE3 
The circulation is put under stress when people are 
exposed to hot conditions. When the work is prolonged end mild 
in hot environments, heart rate rises markedly while cardiac 
output rises more gradually despite a progrssivefall in stroke 
volume. Actually, the increase in cardiac output, plus whatever 
blood flow is redistributed from nonworking regions, must perfuse 
skin. It has been noticed that mean arterial pressure is well 
maintained even at exhaustion. The increase in heart rate does 
not reflect increments in cardiac output or in skin blood flow 
when the subjects do prolonged moderate -to- heavy exercise. 
Stroke volume decreases while cardiac output is maintained by 
increased heart rate. Once heart rate is maximum, cardiac output 
probably declines due to falling stroke volume, as evidenced by 
the fail ~n arterial mean pressure.It has been found that any 
'increments in skin blood flow that do occur must be relat1~ely 
small with respect to skin blood flow capacity and are provided 
exclusively by redistribution of blood flow away from visceral 
organs and possibly skeletal muscle (both at rest and at work). 
Responses to graded exercise may depend on the separation in 
time of different work loads. Submaximal cardiac output is 
usually maintained by the raised heart rate in the face of 
reduced stroke volume when the subjects perform brief moderate-
to- heavy exercise whether they are acclimatized or not. Some 
heat-induced increase in cardiac output may occur at low work 
loads. When the recovery time between work loadfi is short internaJ 
heat load accumulates, stroke volume remains subnormal and 
maximal heart rate is reached at submaximal oxygen uptake and 
cardiac output is depressed",Metabolic demands are met by the 
rise in systemic arteriovenous oxygen difference. Since splanch-
nic and renal blood flow are maxim ally reduced when maximal heart 
rate is reached in the heat, skin blood flow can not be increased 
, 
by further reduction in visceral blood flow. Without accumulation 
of heat stress between graded work loads, cardiovascular 
responses to brief periods of exercise in cool and warm environ-
ments become inseparable as maximum oxygen uptake is approached. 
For brief periods maximum oxygen uptake is not reduced in the 
heat, thus stroke volume and cardiac output are maximum for 
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these conditions and regional vasoconstriction still redistributes 
80-85% of cardiac output to working muscle. Inability to constrict 
cutaneous veins when rectal and/or skin temperature are elevated 
I 
can prevent central redistribution of blood volume during sub-
maximal exercise and possibiy:;,;;,ij;'t maximum oxygen uptake in heated 
men. Central blood volume is reduced in the heat and greater 
splanchnic vasoconstriction probably caused a passive reduction 
in splanchnic blood volume as well. The fall in stroke volume 
appears to be a key factor in the reduction of cardiovascular 
function, suggesting a predominant role of peripheral displace-
ment of blood volume to cause impaired work capacity. 
When muscular exercise starts from rest and is performed 
at a constant mechanical power, heart rate increases rapidly from 
the onset of motor activity. If the mechanical power is of the 
order of 50% of the maximal aerobic work capacity, heart rate 
reaches a steady state level within a few minutes. When exercise 
is stopped, heart rate first decreases rapidly and then returns 
more slowly to a level close to its rest value. Various mathe-
matical expressions have ceen proposed by various authors to 
describe the time course of heart rate during and after work: 
a single exponential function, an exponential function followed 
by a linear function, a sum of two or more exponentials, and a 
more complex function of time. 
HEAT TRANSFER DURING WORK IN HEA.T 
More than 90% of heat dissipated by th~ body is lost 
through conduction, convection, radiation and vaporization of water 
from the surface of skin. A small and variable amount of heat is 
dissipated by warming inspired air, and by warming cold fluid and 
·food ingested. The amount of heat lost through· each of these 
routes varies greatly with environmental temperature,' the amount 
and nature of clothing worn, the type of food or drink ingested, 
and the amount of heat produced by the body. When environmental 
temperature is below 28-30C vaporization of water from the skin is 
of minor importance as a mechanism for heat diSSipation, as 
environmental temperature rises, vaporization becomes increasingly 
important until above 35C it is virtually the sole route of heat 
loss. Actually, effective vaporization of water depends on the 
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ability of the surrounding air to absorb additional moisture and 
is thus affected by humidity as well as by the type and amount 
of clothing worn., The efficiency of radiation, conduction and 
convection as mechanism for heat loss are almost completely 
vitiated by the protective clothing worn, also vaporization of 
water is less 'efficient, these hinder the principal routes of' 
heat loss for a system greatly stressed by markedly increased 
heat production. This interaction is shown schematically in the 
diagram below:-
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'Radiation' was not measured or considered in the, context of 
these experiments. 
Thus, working or exercising people lose large amounts of water 
and salts as sweat,and, as sweat is hypotonic solution, this 
should produce electrolyte concentration disturbances as well a 
marked volume depletion. It becomes clea~ that vigorous exerci 
or heavy work provides a stress of the body's heat dissipating 
mechanisms and when the environmental temperature is high almos 
all',of the increased production of heat must be lost by 
with evaporation of water from the surface of the skin. Thus, 
.,' . , 
- --------------------------------------------
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extent of heat stress isa function of the amount of heat 
produced and the ease with which that heat can be dissipated. 
The rate at which sweating occurs appears to be a function of 
the severity of the heat stress and the resultant increase in 
body temperature. This can cause major changes in the composition 
and volume of body fluids for instance in athletes:exercising 
vigoroustly in a hot climate, as a result of rapid formation of 
hypotonic perspiration and lead to the genesis of heat-related 
illnesses. Generally, hot-humid environments represent greater 
thermal stress for man as the capacity for evaporative cooling 
in these environmental conditions becomes reduced. The physical 
working capacity of man is lowered at hot environmental condition 
and some investigators have shown that an increase in the internal 
temperature and its effect on the central nervous system is 
probably the cause of this lowering because the maximal heart 
rate and maximal decrement in visceral blood flow are reached at 
lower levels of work than in a coo1ar environments. Strenous 
physical exercise,)can, by itself, cause heat stroke if the 
metabolic heat generated by the effort exceeds the maximum 
cooling capacity of the body. This capacity is set by the 
ambient temperature allowing heat exchange and by the amount 
of sweat that can be evaporated from the skin. This is achieved 
easily when man performs moderate exercise in a temperate 
environment, as the increase in heat production is offset by . 
increased heat loss through radiation and the evaporation of 
sweat. Heart rate and rectal temperature can then level off at 
higher plateaus than those found before exercise and work can-
be continued for prolonged periods. 
When ambient temperature is high, the body is dependent 
entirelY upon the evaporation of sweat .in order to dissipate the 
thermal load. The control of sweating rate is characterized as a 
proportional control system , with changes in internal temperatur 
having about ten times the influence upon sweating rate as 
similar changes in mean skin temperature. In non-sweating 
individual , the effect of increasing mean skin temperature is 
to decrease the internal temperature threshold for sweating and 
sweating is initiated sooner. 
In exercise, sympathetic vasoconstrictor outflow is 
( 
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increased to most organs in proportion to the relative severity 
of exercise. A relative vasoconstriction of cutaneous blood vessel 
vesseles has been observed during exercise but i~ may not be 
proportional to the severity of exercise. The sympathetic nervous 
system controls the calibre of the cutaneous vessels~ On the 
arterial side, the increased blood flow comes about by two .. '_ ,-:: ~,. < 
different means: in the acral areas (feet, hands, ears) increased I 
flow occurs simply by withdrawal of sympathetic tone. In other 
skin areas most of the increase in skin blood flow (especially 
in the haat) is obtained by active vasodilation. On the venous 
side, neurogenic dilation of the cutaneous veins appears to )' 
occur ozLl.;y; by withdrawal of sympatheti~ venomotor tone with 
consequent decrease in blood pressure. 
If total peripheral resistance significantly decreases 
when extensive cutaneous vasodilation - to assist heat dissipation I 
is added to the marked vasodilation in. working skeletal muscles .• 
it would explain the reduction in work capacity at high ambient I 
temperature attributed to a decrease in perfusion pressure. 
Howaver, the vasoconstriction which occurs in renal and splanchnic 
organs with exercise is more pronounced in the heat, and this 
might compensate for the extreme vasodilation elsewhere to 
maintain pertusion observed in well acclimatized people. Obviously I 
all these factors interrelate. Neilsen (19361 summarized the 
quantitative interaction of these in two figures given below:-
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Al3NORl'1ALITIES DUE TO THE EFFECT OF EXTREl1E CLIMATE 
The commonest reaction to excessive combination of work 
and thermal stress is heat syncope in which the venous return to 
the heart is inadequate, and the blood pressure falls with a 
slow pulse rate and muscular vasodilatat~on. It is initiated by 
a decrease of central blood volume due to fluid loss in sweat 
(water exhaustion) and to excessive pooling of blood in the 
relaxed peripheral veins and increased exudation of fluid (heat 
oedema of the dependen~ parts). In fact, a competition between 
the circulatory needs of muscle and skin may also contribute to 
the fall of blood pressure. These are all factors of heat stress 
and are summarized in the diagram (page 2~ ). 
Mild heat exhaustion is a lesser degree of circulatory 
inadequancy frequen~y encountered in industry. The symptoms 
include fatique and irritability particularly at the end of the 
working day, together with a deterioration of mechanical 
efficiency. 
Heat stroke is a dangerous and potentially irreversible 
failure of the heat regulating mechanism. It is most likely in 
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an obese, unfit and unacc1imatized person who is forced to 
exercise hard in a hot environment. A progressive rise of body 
temperature is compounded. by dehydration, a diminishing secretion 
of sweat (anhidrotic heat exhaustion), and a diminished blood flow 
to the skin. The combination of rising body temperature and an 
inadequate blood flow to the brain may cause cerebral irritability, 
comma and irreversible cerebral damage. Thus, a combination of 
visceral vasoconstriction and a failing circulation may also 
damage the kidneys (with a suppression of urine formation) and 
the adrenal cortex (heat shock). In fact, a number of athletes 
have died of heat stroke and contributary factors include clothing I 
that is impermeable to sweat, deliberate restriction of skin 
blood flow through the use of drugs and the de1ibrate restriction 
of w~ter intake. 
The usual physiological manifestation of salt depletion 
is a liability to painful muscular cramps. The symptom is most 
common on first arrival in a tropical climate, partly because 
adaptive changes in the salt content of the sweat and urine 
incomplete, and partly because the newcomer has not yet acquired 
the habit of supplementing his salt intake. 
There are several forms of skin response manifest as 
heat rashes. Prickly heat is so named by the intense prickling 
sensation which occurs. A papillary rash and vesicles appear from 
three days to several months after commencing work in a hot and 
humid environment. The reason seems a blockage of the sweat. ducts 
secondary to excessive sweating but in long-standing cases the 
situation may be complicated by secondary infection. Other 
various forms of urticaria in which peripheral areas of cutan-
eous circulatiOn operate abnormally are transient forms of heat 
reaction caused by inadequate adaptation of autonomic control 
to changes in the environmental conditions. 
EFFECTS OF HUMIDITY 
Humidity o:f' .. the air ihas inSignificant physiological 
effect on people performing ~ight work at temperatures below 
~C. At higher temperatures, the humidity assumes increasing 
importance, because the cooling of man in these circumstances is 
not limitod by his ability to sweat but by the capacity of the 
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,atmos ph ere to vaporize the sweat. In fact, at air temperatures 
. . 
above 38 C a small increase in humidity can modify the physiolo-
gical effects of the environment and change a relatively easy 
job into an impossible one. Thus, during work in hot environments 
with relatively high humidity, heat exchange due to sweating 
may not be sufficient to dissipate the heat load produced by the 
exercise so body temperature rises and the cardiovascular 
responses continue to increase, even though the exercise level 
and oxygen consumption remain constant. When body temperature 
exceeds 39~ C, the subject usually will collapse. 
CHANGES IN BODY TEMPERATURE 
During work in heat, rectal temperature rises and 
reaches a steady state that corresponds to the rate of working 
and not to the environmental temperature. When work ceases, the 
rectal temperature slowely returns to the original level. If 
heat stress is too severe" an equilbrium is not reached and the 
body temperature continue to rise. Actually, any combined stress 
of heat and work that elevates the rectal temperature to about 
38.80 within 2h results, if continued, in further rises in,rectal 
temperature and exhaustion within the next 4h. 
WORK AND HEALTH IN HEA.T 
Environmental conditions can have a marked effect on 
the worker's health. It was observed early in the eighteenth 
century that cotton mill workers were disposed to develop fevers 
and their constitutions were undermined by the hot and damp 
atmosphere of the mills. In the earlier part of the twentieth, 
century it has been noticed that when heavy work is performed 
at high temperatures, the sickness rate increases. Vernon and 
Rusher (1920 1 found that sickness among steel and iron workers 
wss220-23% higher than the industrial average. Accident rate is 
also influenced by the environment. In England, t~e accident 
frequency was found to be minimum when the shop temperature was 
between18-20~5C • The adverse effect of heat on mine workers 
was demonstrated to show a marked increase in accident rate at 
high temperatures. 
,( \1 
I 
I*Refered to by Brouha 1967 
I , 
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PERFORMANCE IN HOT ENVIRONI1ENT 
During exhaustive exercise, peak aerobic power is 
reduced. at bigh body temperature. This change is accompanied 
without exception by a decrement in physical performance. The 
effect of environmental temperature on performance is of the 
same order of magnitude, regardless whether it is caused by 
muscular exercise, radiation or water immersion (Asmussen and 
Boje 1945~ An environment of hot, wet air affects recovery more 
than performance. 
Working efficiency is also affected by the environment 
and carefuuly controlled experiments and observations have shown 
a reduction in output when the temperature increases; decline of 
41% in production of coal miners was observed when the tempera-
ture increased from 23-300 dry bulb and 19-26 wet bulb. Output 
from heavy physical work;inc~combination with bigh temperatures 
various consistent~y with the season. Production in the iron and 
steel industry is greatest in winter, least in summer and inter-
mediate in spring and fall. Similar trends have. been observed 
in the glass industry, foundries, rolling mills, smelting plants 
and textile factories. The limiting effects of heat and humidity 
on physical performance seem to be mediated through the cardio-
vascular system. In one, a major part of the cardiovascular 
performance is used by adjusting and increasing blood flow to 
the surface of the body compromising the maximal oxygen uptake, 
and,in the other, cardiac performance itself is reduced. 
( 
I 
I ~Refered to by Saltin et al 
I 1970 I 
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BODY-FLUID ELECTROLYTES 
During the last thirty years, electrolytes have been 
introduced widely into clinical biochemistry both for decisive 
diagnostic purposes and in managment of patients. 
Body fluids make up more than half of our body weight 
and the reason why cations are used in. a large scale is (1) the 
total anion concentration must approximate to the total cation 
concentration, so that twice the catimn concentration is a valid 
approximation to the total concentration of electrolytes (2) the 
electrolytes account for well over 90% of the osmotically active 
particles in body fluid and it is osmolarity which effectively 
determines the amount of water in the different body compartments. 
The extracellular distribution of sodium has its obvious 
clinical illustrations in oedema due to sodium excess, and in the 
lack of extracellular fluid in sodium depletion - a lack which 
gives evidence of diminished plasma - volume. 
The effects of changes in potassium on fluid-volume 
are less obvious clinically since potassium is tucked away within 
the cells. However, potassium depletion reveals itself most 
clearly by changes in cellular function rather than by any 
detectable volume changes; whereas sodium depletion impairs 
function mainly by way of its circulatory effects. 
RENAL CHANGES 
The filtration, reabsorption and excretion of ions 
and water in man is shown in the table in page 2.8 0 Urinary volume 
is the result of glomerular control on filtration volume and 
tubular control reabsorbing and reexcreting·water and constituents 
to produce urine. These mechanisms--respond to both specific 
control of conatituents and to vascular control of the ~idney 
thus resulting in varied volumes and concentrations of urine 
dependent on circumstances and diet. 
-------------------------------- -
co 
(\J 
Gonstituent 
Sodium 
Chlorid 
Bicarbonate 
!potassium 
Water 
Plasma Concentration 
(mEq/L) 
-
-
,;!,l:() 140 
105 
27 
4 
0.94L/L 
Table 1 
Rate of Gibbs- Quantity, 
GlomerulaI Donnaz: Filtered 
Filtration FactoI (mEq/24h) 
(L/24h) -
180 0.95 2,,940 
180 1.05 19,845 
180 1.05 5,:10, 
180 0.95 684 
-
180 
-
169.2 
L.L24h 
Quantity Quantity 
Excreted Reabsorbed 
(mEq/24h) (mEq/24h) 
-
10, 2,,8,7 
10, 19,742 
2 5,101 
51 63"' 
1.5 167.7 
.iLL241U .iL/24~1 
After Pitts, Physiology of kidney and body fluids, ,rd ed. 1974. 
Percent ..., .. , 
Reabsorbed 
99.6 
99.5 
99.9 
92.6 
-
99.1 
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The urine of human subjects decreases in volume after 
strenuous exercise and becomes acid with the usual accompani-
ment of increase in titratable acid, ammonia and phosphate, 
there is also decreased excretion of Na+, and 01- and the 
appearance of lactate up to 0.15 meq/min. There is a fall in 
renal blood flow and in glomerular filtration rate indicated by 
the decrease rate of excretion of creatinine and total nitrogen. 
Exercise seems to operate three main effects on the kidney: the 
first effect causes increased plasma concentration of lactate 
causing its excretion in the urine and some other anions e.g: 
phosphate may also increase. A second effect is increased activit 
in the renal nerves producing renal vasoconstriction and a third 
effect is increased pl~sma proteins concentration due to escape 
of the fluid from the circulation during exercise. Actually, the 
concentration of ions and metabolites in the urine is important 
in osmoregulation but absolute amount of urine produced must 
also be taken into account. If the volume of urine produced is 
large the loss of ions in the urine can be large, even if the 
ions are at relatively low concentration. Renal and hepatic blood 
flow shows greater reduction during exercise in the heat than 
under comfortable conditions. Generally, in healthy subjects the 
kidneys are able to regulate excretion to maintain normal body 
fluid and electrolyte levels during many different type of 
activity in a wide range of environments and abetter guide to 
a subject's renal function can be obtained by producing over-
hYdration-and under-hydration and then studying the response. 
The response obtained is not dependant only on the magnitude of 
these two stimuli. The environmental conditions and the degree 
of the subject's acclimatization are important" since they 
influence loss -of water, electrolytes ,: and urea by sweating and 
other mechanisms. The changes observed during the :liest period 
will be influenced'by the activity allowed during the tests~ /' 
...... -- .... 
by food consumed, and by the time of day in relation to circadian 
rhythms of excretion. Thus, in the present study, the tests have 
bee~ carried out at the same time of the day and subjects were 
fasting before and during the test periods. 
The general effect of exercise on the kidney is to 
concentrate the urine. When the exercise ~uensity. is low, the 
30 
effect is quite variable. For example, waking has sometimes been 
found to stimulate, rather-than retard, kidney function, but in 
very heavy exercise, the effects are predictable for all people., 
With exercise, there is a reduction of blood flow to all viscera 
and vascular adjustments in the kidney cause constriction of both 
the afferent and efferent arterioles, leading to the reduction 
of blood and plasma flow through the glomerus which cause a 
decrease in the glomerula filtration rate., Since the efferent 
arterioles constrict more than the afferent arterioles, a sligh~ 
'back pressure' develops in the glomerulus, causing an increased 
portion of the-fluid passing through the glomerulus to be filtered 
into the glomerular capsule (the filtration fraction). During 
exercise, the kidney is regulated to retain more water in the 
body. The amount of water flowing from the kidneys is controlled 
by ADH'which acts on the ,cells of the distal convoluted tubules. 
This-hormone is secreted by the neurohypophysis in response to 
the need of the body for water. Physical exercise results in 
well-established changes in plasma osmolality, blood volume, blood 
pressure and renin-angiotensin system" all of which have been 
shown to regulate ADH release._ When ADH is present in the body 
fluids" the walls of the distal convoluted tubules became more 
porous. A concentration gradient exists in the tubule, bringing 
about a movement of water from the tubules to the surrounding 
fluids, it will tend to return to the blood. The concentration 
of the urine, whether due to reduced filtration and secretion 
of ADH, or only to the former is apparent and does tend to 
increase the density of the, urine and the concentration of the 
contained substances. 
The regulation of body fluid is complex and includes 
elements of endocrine, renal, nervous and cardiovascular systems. 
It does appear that the dynamics of body fluids during exercise 
and heat exposure not, onlZ depends upon whether a subj ect is 
heat, acclimatized. but also depends upon how well the subject is 
trained.. Neither acclimatization by itself or training by itself 
will bring about the fluid shifts needed. for optimal performance 
in the heat. 
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Sal tin (1,964) reported a significant difference in 
body water-:distribution when men reduced body weight 4% either 
by exercise or thermally induced sweating. During exercise 
dehydration a large portion of the body water loss was derived 
from intracellular compartment (-8.4%)9 with small decrease in 
plasma volume (-1.5%) •. A similar degree of dehydration brought 
about by inactive eXposure to a hot" dry enviro=ent resulted in 
a large loss of plasma water (-18.3%) and small change (-4.7%) 
in. the intracellular fluid volume •. In fact, recent studies' have 
failed to support these findings and suggest that thermal and 
exercise 'dehydration do not differ in terms of the water and 
electrolyte concentrations in muscle and plasma. The maintemance 
of blood volume in man during exercise and/or heat stress has 
recently been suggested to depend on displacement of protein 
from interstitial spaces to t1;l.e vascular volume (Senay 1·970). 
When exercise is combined with heat eXposure, the resultant 
changes in vascular volume and plasma protein would depend upon 
the ratio of cutaneous blood flow to muscle blood flow (Senay 
1972) 
Exercise is associated with a net transcapillary 
movement of fluid into the ctive muscle mainly caused by regional 
tissue hyperosmolality (osmosis) and to some extent by increased 
capillaryhydrostat:t:c' pressure (filtration). The major forces 
responsible for fluid transfer across microvascular membrane are 
hydrostatic pressure, colloid osmotic pressure, and crystalloid 
osmotic pressure. The increased arterial osmolality during (",-,' 
exercise is the major force responsible for fluid movement from 
the interstitial space to plasma that occurs simultaneously with 
the greater shift of fluid from plasma to interstitium. 
Cell membrane generally have a high permeability to 
urea, thus, as the filtrate is reabsorbed from the renal tubules, 
tending to concentrate the urea in the remaining fluid, urea 
tends to diffuse out of the lumen. The most remarkable is the 
very considerable extent to which the urea concentration can be 
raised in the urine.which appears to be due to two factors: 
(1) in usually low permeability to urea of cells lining some 
segments of the renal tubules, (2) a mechanism for maintaining 
a hi gm urea concentration in interstitial fluid (of the medulla) 
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surrounding those portions of the nephron containing fluid with 
the highest urea concentrations (the collecting ducts); in the 
latter case the concentration gradient driving the diffusion of 
urea out of the urine is minimized. In antidiuresis, the reab-
sorption of water in the distal tubules is markedly increased; 
at the same time, it is highly probablf;l that the permeability of 
the collecting duct to urea is also enhanced. Both of these 
factors lead to an increase in the diffusion of urea out of the 
urine in the distal portions of the nephro~and account for the 
rapid f,lilling off of the urea clearance as urine flow decreases 
to low levels. Because the arrangement of the blood supply in 
in the medulla constitutes a. counter current exchanger, urea 
escaping from' the collecting ducts is not easily carried away in 
the blood, as it is in the cortex. Ins,tead, even a relatively 
slow leak. of urea from the collecting ducts is sufficient to 
yiUda high urea concentration in. the peritubular region. Thus, 
the urea concentration in the interstitial space of the papilla 
is almost. as high1as in the urine (Mountcastle 197'1) 
If one considers the opportunities for abnormal inter-
action in these effects from exercise as might occur'lin cases of 
people unacclimatized to heat or unhabituated to exercise, it is 
easy to envisage the develo~ment of a pathological condition 
and renal failure. Schrie¥4(1970) reviewed the interaction of 
these effects in an-excellent disgram which is reproduced below. 
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SALIVARY CHANGES 
-.' '.'<.','-' '::'Sai:tva contains. most of the plasma cations and anions, 
" 
;e1ative1y,litt1e plasma protein but large amounts of mucal 
proteins , most of the blood group substances (at 10-20 mg/L) 
and a great variety of organic molecules including urea, 
creatinine, glucose and cholesterol.' 
Three distinct duct segments can be seen in most 
salivary glands: intercalated, striated and excretory ducts. 
Intercalated ducts drain the endpieces and discharge their 9ncts 
contents into the next ductal order usually stn!ated ducts or 
when they are absent directly into excretory ducts. The cells of 
striated duc~s contain numbers of secretion granules and some 
elements of muca1 and other protein synthetic apparatus. The 
striated ducts drain into two or more levels of excretory ducts. 
These ducts have basal membrane info1dings that are more intricate 
than in striated ducts and they are surrounded by a greater 
number of closely opposed capillaries than other ductal segment. 
The parenchymal cells od endpieees,. intercalated and occasionally 
striated ducts are supported by ste1late and spindle-shaped 
elements called myoepithe1ia1 cells. These cells resemble smooth 
muscle fibers and are packed with actlbmyosin filaments., They 
appear to be contractile and are thought to aat as supporting 
elements that prevent the endpieces and smaller ducts from 
distending in response to the pressure generated during the 
secretion process. This complex system is obvious&capab1e of 
producing a varied and copious secretion. 
Termination of the main excretory 
duct of the human sublingual gland 
Fig. 7 
(Burgen & Emme1in 1961) , 
I 
,~ 
.. _. 
Branched basket cells 
capillaries 
microvilli 
sectioned longitudinally (right) 
obliquely (upper left) and 
transversely (lower left) 
region 
reticulum. 
'-'--mu'," folded basal end of cell 
. Diagram of a secreting cell of a $alivary gland based upon electron 
. microscope sludies. . 
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~;;)?dj-- acinus Fig. 8 
(Burgen & Emmelin) 
1961 
intercalated duct 
convoluted granular 
tubule 
I 
intralobular duct 
Adult submaxillary gland of the rat. 
_ ',1 0 PARonD.. SUBMAXILLARY SUBLINGUAL 
(' \ , 1" The dIstribution of the salivary ducts in the various salivary glands. 
E.D.-exc:ctory duct, S.D.-striated duct, I.O.-intercalated duct (absent 
from sublJnguaI). A-alveolus co~taining serous cells (in the parotid) or 
serous and mucous cells (submandibular). >_ 
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Fig. 9 
(Burgen & Emmelin' 
1961 . 
Saliya is a mixture of secretion from the three pairs 
of salivary glands and numerous small glands in the oral mucosa. 
The total flow of saliva in adult humans has been estimated at 
1-1.5 L(day. The flow rate increases considerably on psyc~lo­
gical" physical or chemical stimulation. These factors determine 
the osmolality of saliva: type of gland:jI degree of secretory 
activity and type of stimulationo<"~> The primary secretion of 
some glands may have a composition similar to that of plasma or 
may undergo posteq~ibration to such a composition and further 
changes in salivary composition occur as a result of active 
transfer or passive equilbrium in salivary ducts (schneyer 1967) 
i: ~ In man, all salivary glands produce a secretion 
hypotonic compared to blood, but the osmotic pressure of saliva 
increases with increased flow rate •. The salivary secretion is 
continuous in. the waking state which· is due to stimulation of 
receptors having access (by way of afferent fibres and the centra 
nervous system) to the motor nerves (autonomic) to salivary 
glands. All the inorganic constituent of saliva are derived 
ultimately from plasma. It has been reported that the increase in 
salivary flow rate accompanied by an increase in concentration 
of dissolved salts which is principl~ a characteristic of 
glands that can secrete a hypotonic saliva (Schneyer 1967) 
It has been suggested that hypotonicity of saliva is due to 
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reabsorption of salts from an isotonic precursor secretion. This 
reabsorption process has been presumed to be of limited capacity. 
As flow rate increases, the reabsorption process becomes rapidly 
overwhelmed, and more of the salt secreted each minute into the 
precursor solution appears in the final saliva (Schneyer 1967 ) 
The primary fluid arised in the endpieces or the intercalated I 
ducts of salivary gland or both and there is no other important J 
site of fluid secretion in the gland duct system. There is. 
abundant evidence to show that the excretory ducts'are exclusivel 
absorptive in function. The salivary ducts are responsible for 
an alteration in the composition of the primary saliva (fluid). 
Such an..;alteration could be the consequence of active transport, 
either secretion or reabsorption, of a particular substance, or 
it might be the consequences of a passive readjustment of one 
substance to the transport of another. The fo= of a flow-
dependent concentration curve obviously'dependsl'bn the composition 
of the primary fluid relative to that of the interstitial fluid 
and on the nature of the ductal modification. 
PH: 
Composition of Saliva 
5.6-7.6 
Table 2 
Sodium: 
Potassium: 
Calcium: 
Chloride: 
Bicarbonate: 
Total Protein: 
Urea: 
Cholestrol: 
Glucose: 
Creatinine~ 
8-56 mg/100 ml (3.5-24.3 meg/ 100 ml) 
56-148 mg/100 ml (14-38 meq/1.00 ml) 
5.9-9.7 mg/100 ml(3-1J..9 meq/100 ml) 
29-62 mg/1.00 ml (8-18 meq/100 ml) 
8-24.6 mg/100 ml(3.5-10.7 meq(.100 ml) 
0.156 - 0.630 g/100 ml. 
8.2-18.1 mg/100ml 
;5-15 mg/100ml 
11.3-28-·mg/100 ml 
6-11 mg/L ) 
, .. 
Salivary secretion is controlled by a double nerve 
supply (1)-,from parasympathetic ·branches of the facial and 
glossopharyngeal nerves, and (2) from fibers arising in the 
.superior sympathetic ganglion. Salivary responses to stimulation 
are dete=ined by the response of at least four different classes 
of intr!Jglandularreceptors located on blood: vessl':lS~, endpiec;e;, 
cells, duct cells, and myoepithel~al cells of salivary gland, 
as well as of systemically located receptors involved in the 
regulation of respiration and circulation. The ductal electrolyte 
transport seems to be under both parasympathetic and sympathetic 
control. Cholinergic action seems to reduce sodium reabsorption 
and stimulate ductal secretion of potassium. Sympathomimetic drugs 
also seem::,to influence ductal electrolyte transport and some of 
these effects have been reproduced by direct nerve stimulation 
(Young 1979). The sodium concentration in parasympathetically 
evoked saliva is usually low in the resting state and increases 
with increasing flow rate, following a sigmoid~lcurve, and at 
higher levels of activity the=e also seems to be increased ductal 
secretilhn of patassium (Young, 1·979). Thus", the concentration 
of potassium in saliva srongly depends on the cholinergic 
activity to which the gland as a whole is exposed. Sympathetic 
nerve stimulation gives rise to even higher sodium and lower 
potassium concentration in saliva. Many investigators have 
studied the flow responses to sympathetic nerve stimulation and 
(-adrenergic drug adminstration but no one was interested in 
the electrolyte content of the saliva. Adrenaline caused a rapid 
release of intracellular potassium by acting on an~-adrenergic 
receptor in rat parotid gland (Batzri et al 1973~ I~man 
retrograde ductal injection of adrenaline can provoke secretion 
from the mandibular but not the parotid gland but intra-venous 
adminstration of isoproterenol stimulates botm glands to secrete 
(Young 1979). Since the electrolyte composition of sympathetic 
saliva always diffe»ed from that of parasympathetic saliva 
collected at equivalent flow rates, one can conclude that para-
sympathetic and sympathetic stimulation have different effects 
on the salivary endpieces or the ducts or both. Sympathetic and 
parasympathetic stimulants do not evoke primary salivas of vastly 
different composition in endpieces, although B-adrenergic 
agonists usually produce lower flow rates than do cholinergic 
or-c-adrenergic agonists (Young 1979). Thus, the two types of 
stimulant must have disproportionate'effects on ductal water 
and electrolyte transport process. 
ri"d. _ .. 
I*Refered to by Gilman et al 
. 1979 
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Fig. 10 
(Mountcastle 1974) 
The endpieces and the ducts may be working synergisti-
cally (e.g: both may be attempting to increase potassium 
concentration above that of the interstitium) or antagonistically 
(e.g: the endpieces may produce a primary sodium concentration 
of 165 mmol/L and the ducts may lower it to less than 5 mmol/L) 
and the relationship may change during the course of stimulation. 
Considering that the bl.ood running. to and from the endpiece:;must 
pass along the outer surface of the ducts in counter- and non-
current fashion, one should not lose sight of the possibility that 
the interstitium surrounding the ducts and endpieces may not 
resemble a simple plasma ultrafiltrate but may be more like the 
interstitium of renal medulla (Young, 1979). 
Potassium and sodium provide the major cationic osmolytw 
of saliva. The salivary concentration of each of these ions 
frequently is dependent on the type of gland, as well as mode and 
degree of stimulation used to evoke the flow of saliva. However, 
sodium and potassium concentration in human mixed saliva and the 
parotid or submaxillary component are essentially the same (Man 
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1979). The Na/K ratio is low at low rates of flow and it usually 
rises steeply as flow rate increases. This is mainly due to an 
increase in salivary sodium concentration which accompanied an 
increase in rate of flow. The course of potassium secretion in 
human saliva is partially dependent on the rate of salivary flow. 
Many investigators have recorded a reciprocal relationship 
between potassium ions concentration of saliva and salivary rate 
of flow, when rates of flow are low (Langley et al 1958). This 
relationship changes as flow increase beyond 25% of maximal. 
Wi thin a range from 25% on up to·',' maximal levels, ['K+]does not 
decrease but remains constant, and in some people may even 
increase (Burgen 1956).as flow rate is increased. The concentra-
tion of potassium ions in the saliva is also affected by duration 
of high flow rates. Concentration 'of sodium in human saliva 
generally shows a marked dependence on salivary rate of flow, 
it increases as the flow rate increases. 
There is evidence that a hydrostatic pressure differen-
tial acros'~ the secretory epithelium may provide a significant 
and perhaps predominant component to the energy required for 
fluid and electrolyte secretion in salivary gland. This evidence 
has been developed from two sources: 
1., The relationships of secretory pressures, flow rates, and 
secretory work to corresponding values for glandular blood 
pressures,flow rates" and work in rat submaxillary secretion. 
2. The interrelationships of the major osmolytes of saliva to 
each other, to total osmolality, to flow rate, and to other 
constitueMtJ(especially total protein) over the entire range 
of physiological flow rates in the human parotid gland. 
The fundamental energy for transfer of fluid, and thereby 
transfer of the majority of active osmolytes, is derived from 
the transmural hydrostatic pressure in glandular capillaries 
(and thereby transmitted to a transepithelial hydrostatic., 
pressure differential across the secretory cells). Opposing this 
fundamental energy source is the active transport of sodium, 
the major osmolyte, such that it will be actively transported 
into the interstitium at rates which will increase with 
increasing transport of fluid through the cells (Shannon 1974 ). 
Since the' total energy for flui<i transfer through the secretory 
cells provided by the hydrostatic pressure differential is 
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always capable of exceeding the,energy provided by transfer of 
osmolytes in the opposite direction, fluid transfer into the 
lumen will always proceed at a greater rate than any opposing 
osmotically derived fluid transfer of a hypertonic fluid into 
the interstitium. It may be that the build up of pressure 
differential with increase in sodium transport and autonomic 
stimulation as an integrated mechanism can explain the generation 
of a hypotonic fluid and adjustment of the rate of its secretion. 
How closely the secretory fluid will reflect the plasma c6ncent~ 
rations of the principle osmolytes will depend upon interplay 
between the hydrostatic pressure differential, the transcellular 
transfer of fluid, and the increased rate at which major osmolytes 
are 'transported back into the interstitial fluid against this 
hydrostatic pressure gradient (Sha=on 1974 ). 
The form of a flow-dependent concentration curve 
depends on'the composition of the primary fluid relative to that 
of the interstitial fluid and on the nature of ducta~ modification 
It has been found that at low flow rates, when contact time is 
great, the reabsorptive process lowers the composition of a given 
substance below that in the primary fluid and that in the inter-
stitium; eventually a low, steady state concentration is approach, 
in which active reabsorption is balanced by passive backflux 
from the interstitium. As flow rate increases, the luminal 
concentration of the substance rises (provided the rate of 
reabsorption of the substance does not increase proportionately) 
to approach an asymptote corresponding to its concentration in 
primary fluid. Factors such as a ch~.nging primary fluid compo-
sition, simultaneous ductal water reabsorption, and changing 
ductal potential differences, also influence the curve shape. 
Actuall~, active reabsorption of sodium is bound to give rise 
to a chloride excretion curve of similar shape (see fig. in page 
q{ ), since this, the major anion in saliva, is not subject to 
active transport and must distribute itself according to the 
prevailing electrochemical gradients. The precise form of such 
a curve is determined by the transport of all other charged ions, 
not ,juSt sodium. 
( 
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Micropel?l!'tta±on studies indicate that the isotonic 
primary saliva is rendered progressively more hypotonic during itsl 
passage along the salivary duct tree (Holzgreve et al 19661. In ' 
fact, this developing hypotonicity is due to the progressive 
removal of sodium and chloride from saliva but simultaneously it 
is retarded by the secretion of potassium and bicarbonate. The 
excretory ducts possess active transport mechanisms for the 
reabsorption of sodium and the secretion of bicarbonate, but the 
movement of chloride is passive (Fromter et al 19741. The ducts 
have low permeability coefficients for water and the common 
. + + 
electrolytes and the duct permeability coefficients for Na , K 
and Cl- are also extremely low and the transport rates for Na+ 
and K+ are ~ery high. Ductal electrolyte transport seems to be 
under the control of the autonomic nervous system (both,para-
sympathetic and sympathetic).. However, a variety of other hormones 
and putative transmitters has been found to influence ductal 
electrolyte transport: aldosterone, angiotensin, various gastro-
intestinal polypeptides, and the tachykinine, physalaemin, which 
is related to the putative neurotransmitter, SP. 
Perhaps a little changes in salivary'Na/[ ratio might 
occur in our sampling due to thinking to produce saliva sample 
and tmm perhaps create hypotonic solutions with slightly differen 
Na/K ratio in favour of more scildium. 
,. Referedto by Young 1979 
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Saliva is a plasma related fluid and thus perhaps of 
good transient diagnostic value of 'state of body'reacting to 
Environmental Work. What is needed is that saliva will correlate 
with environmental temperature and work rate rather than to prove 
a correlation of highly significant with plasma (which we have 
not got but literature suggests) and urine. These are interesting 
but not as important as the direct correlation of salivary 
changes with work and environmental change. 
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CHAPTER 2 
LITERATURE REVIEW OF PREVIOUS INVESTIGATIONS 
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PREVIOUS INVESTIGATIONS 
STRESS 
Conditions of environmental stress affect the body 
in many ways. In general these can be grouped into three level 
of response and the literature conveniently can be related to I 
the transient physiological responses such as by cardiovascular 
and respiratory mechanisms and the longer more comprehensive 
. response of the body fluids. The third group of effects are 
longterm conditioning changes in the state of acclimation of 
the body. These changes are the baseline from which the body 
responds to environmental changes whether of the psychological 
or the physical environment and work rate. 
HEART RATE 
Studies of heart rate changes in response to heat 
I 
have been numerous and highlight may subtle differences which 
may be due to other than physiological factors. Dill (1931)· 
found that heart rate increases with external temperature even 
when internal temperature is the same and that its output per 
unit time may remain constant or increase slightly. Weinman 
et al (1964) found that among women, the increment of pulse 
rate tended to reach a plateau within 2 h but not in men. 
Iampietro and Goldman (1965) indicated.that heart rate and 
skin temperature are a good indicator of tolerance. Brouha 
(1967) stated that the stress on the cardiovascular system 
increases with the ambient temperature during continuous work 
and that the greatest stress was observed when the work was 
performed in an environment,· combining higher temperature and 
high relative humidity. Brouha stated also that heart rate 
during work and recovery varied with work load, ambient 
temperature and .sex"During repeated work cycles the heart 
·1 
I 
rate at rest and during work increased with ambient temperature' 
, ! 
according to a linear relation and even in the most favorable 
environment, no steady level of reactions can be maintained 
and heart rate increased progressively as the work cycles are 
repeated. Soltysiak et al (1971) found that at complete 
exhaustion due to physical work capacity in hot environment' 
the heart rate exceeded 180 b.min-1. Pand6lf eiat~~- (1974) 
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~ound that heart rate was higher in the hot ambient environ-
ment and Horiet al (1978) found heart rate was increased with 
an increase;in ambient temperature. Sato and Iwamato (1976) 
. -
indicated that the interaction of work rate and air temperature 
showed no effect on heart rate. Bergh and Ekblom (1979) found. 
heart rate was correlated to bothcesophageal and muscle 
temperature. 
RESPIRATION 
Ventilatory gas exchange ratios progressively 
decreased during prolonged moderate to heavy exercise in 
neutral as well as in hot environments (Naimark et al 1960) 
but ventilatory gas exchange ratio values found for exercise 
in hot environments were higher than those reported for the 
same exercise level under neutral environmental condition 
(Brouha 1960). Brouha et al (1960) found that pulmonary 
ventilation was usually decreased in the warm-dry environment 
and increased in warm-humid and that oxygen consumption was 
significantly lower ~tlwarm-dry environment than normal room 
temperature. Williams (1962) found that at submaximal work, 
oxygen consumption is lower in heat ~han in comfortable 
temperatures but maximal oxygen intake was not significantly 
different. Klausen et al (1967) found that there was insignifi-
cant change in V02 in submaximal work in heat although it 
showed a trend to be lower than in a comfortable environment. 
V02 was significantly decreased in hot environments and in dry 
heat the decrease in V02 in higher levels of submaximal work 
very likely reflects an insufficient blood supply to the 
working muscles., Brouha (1967) found that during continuous 
work, pulmonary ventilation, oxygen consumption and oxygen debt 
are determined by the work load but influenced little by the 
environment. Work under warm-dry conditions appears to be per-
formed with a slightly lower oxygen consumption than in other 
environments. Rowell et al (1969) found that increase in skin, 
blood and rectal temperatures had no significant effect on 
submaximal V02 and that at 4,.,0 and 48.90 maximal V02 was 
reduced ,%. Pirnay et al (1970) also found no marked differences 
between maximum oxygen uptake under hot environments and 
normal conditions but found a marked decreased in maximum 
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Qxygen uptake' of 25% after prolonged exposure to heat and they 
concluded that after prolonged exposure hyperthermy prevents 
the compensating circulatory adjustments to muscular exercise. 
PandoHe-trl ..:_:.·.c (1974) showed higher respiratory rates in 
hot ambient environments and that heat is more effective than 
time in lowering the ventilatory gas exchange ratio. Sato and 
Iwamato (1976) showed that pulmonary ventilation, oxygen uptake, 
,carbon dioxide production., respiratory exchange ratio and 
ratio of oxygen removal are independent of air temperature at 
least within the range of 14-350 and these parameters are 
closely related to work ratio. They indicated that the effect 
of work rate on heart-rate/pulse sum during work and work/pulse 
sum more intense than the effect of air temperature within 
the range of 14-350• TheYi;mcluded that V02 is the most stable 
as to the air temperature. Gupta et al (1977) studied naturally 
heat acclimated young indians and found a progressive decline 
in steady state oxygen consumption with increase in the 
environmental heat load. The total oxygen cost of the fixed 
work did not show sny significant change, but there was a 
significant decrease in the aerobic fraction and increase in 
the anaerobic fraction of oxygen supply in heat. They stated. 
that the V02 maximum showed a significant fall in very hot 
and extremely hot conditions with a greater fall in humid 
condition than in the dry environment. Hori et al (197~) found 
that respiratory volume, total oxygen intake and energy 
requirement were increased with an increase in ambient tempera-
ture. In 350 (50% rh), oxygen uptake during exercise and 
oxygen debt had increased when compared with those in 230 . 
(50% rh). They concluded that the oxygen debt. for a fixed work 
had increased more in ·a·,hot environment than in a comfortable 
environment .. Bergh and Ekblom (1979) found that peak V02 is 
positively correlated to both esophageal and muscle temperature. 
Sakate(1978) found that the effect of air temperature on 
... 
maximum oxygen consumption was Significant, i.e •. ' maximum 
oxygen consumption was· affected by air temperature. Rowell 
et al (1974) found that V02 peak descends because stroke 
volume is reduced by heat stress and then the maximal cardiac 
output is not reached. 
• I 
I 
I 
_ .. _----:--------------------
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BODY TEMPERATURE 
Dill et al (1931) stated that for a given rate of 
work, the rate of increase of body temperature as work is 
carried on is nearly constant for the first few minutes then 
a· constant temperature may be reached if conditions for heat 
dissipation are favorable, otherwise body temperature rises 
until exhaustion intervenes. Brouha' et al (1960) found that 
during continuous work the increase in body temperature.occured 
only in warm humid environments rather than in warm dry and 
during repeated work cycles the increase in body temperature 
lasts longest when high heat and humidity are combined in warm-
humid conditions. Weinman et al (1967) noticed that the 
increment of rectal temperature was smaller in men than in 
women and decreased progressively and Stolwijk et al (1965.) 
found that rectal temperatures were essentially a linear 
function of metabolism, independent of ambient air temperature 
but that skin temperature acts oppositely. However Iampietro 
and Goldman (1965) suggested that rectal temperature is not 
a good indicator of tolerence under the conditions of these 
types of studies. Snellen (1969) following on earlier work 
with Wyndham found that exercise induced body temperature 
changes in man and that'rectan temperature during exercise 
increased from its basal value, this increment was a function 
of the intensity of the exercise. But this may be modified by 
factors of acclimatization as Lind et al (1970) found that in 
hot climates,rectal temperature increased with time and 
Soltysiak et al (1971) found that the increased deep body 
temperature seemed to be the main factor limiting the physical 
working capacity in hot environment and a complete exhaustion 
of physical working capacity in hot environment appeared at the 
390 core temperature. Shvartz et al (1977) confirmed that these 
responses to temperature, cold, and hot environment are inter-
dependent and the level of core temperature seems to be 
regulated in a similar ma=er regardless of ambient conditions. 
Iampietro and Goldman (1965) found a good relation-
ship between the rapid changes in skin temperature during the 
first 10 min of exposure to work and overall tolerence time 
and suggested that these rapid changes may be used to predict 
tolerance time. 
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BODY FLUIDS 
The most important response is in the electrolyte 
balance of the body fluids and thus involves hormonal control 
of the electrolyte system. Adrenocortical hormones suppress 
ADHrelease and cortisol have direct effects on the renal 
. ~ 
tubules to decrease water reabsorption (Green et al 1970) and 
epinephrine and norepinephrine are both elevated during 
exercise (Astrand and Rodahl 1974~~ After studying men and 
women students under stress induced by cognitive-conflict task 
in a control condition spent in otherwise inactivity, Collins 
. .~, . 
and Frankenhaeuser (1978) 'found: (1) in the control condition 
the sexes did not differ in adrenaline, noradrenaline or 
cortisol excretion (2) adrenaline excretion increased 
significantly during stress (:3) the r:ise in adrenaline":, 
excretion was more pronounced in men (4) cortisol excretion 
increased significantly during stress in the men only • 
.. ' ..Exercise is associated with a net transcapillary 
movement of fluid into the actl<,re muscles caused mainly by 
regional tissue hyperosmolality and to some extent by increased 
capillary hydrostatic pressure (Mellander et al 19671 and 
during heavy work, the acc~mulated fluid could amount to 15-20% 
of the resting tissue volume in 15 mino(Jacobssons and Kjellmer 
19641. During heavy work with large muscle groups, plasma 
volume decreases by at most 15-20% or by some 600 ml (Astrand 
1964f and plasma volume decreased during an 85 Km ski race -,.,C 
despite a 5.5% decrease in body weight (Astrand and Saltin 
1964)\ Extracellular water is well maintained during a"prolonged 
exercise and thermal and exercise dehydration do not differ 
in terms of water and electrolytes concentration (Kozlowski 
1964). 
Several factors alter the body fluid adjustments 
during exercise and type of exercise. Hemoconcentration has 
beenassoc1ated with ergometer exercise - Harrison and. Edwards 
1976-and hemodilution with stair stepping -Senay 1979-~ 
treadmill exercise may induce different pattern (Senay 1980); 
previous training and prior acclimatization to the environmental 
. condition (Senay 1972); and fluid status of the individual 
prior to the exercise (Senay 1978). 
*Refered to by Wade 1979 ' 
i • *Refered to by Astrand and "I 
Rodahl 1977 , 
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ADH AND RENIN-ANGIOTENSIN SYSTEM 
• Rydin and Verney (1938) suggested the presence of 
an antidiuretic substance associated with exercise. Vera and 
croxatto (19541 found an i~crease in whole blood antidiuretic 
,activity in man after 30 min of exercise on a cycle ergometer 
if 
at a work load of 8.; W. Kozlowski et al (1967) noted no sig-
nificant changes in plasma antidiuretic activity at a low work 
load of 75 '.I on cycle ergometer. However, heavy exercise, 
100-200 '.I, caused an elevation of plasma antidiuretic activity 
associated with a 5% reduction in the subject's urine flow 
after the 200 '.I work load. It was concluded that the anti-
diuresis associated with exercise was due to an elevation of 
plasma ADH concentration and could vary with work intensity. 
Exposure to high environmental temperature results 
in an antidiuresis which is associated with the stimulation of 
ADH release (Hellman and Weiner 1953). The increased plasma 
, ADH may be due to the redistribution of blood volume (Costill 
and Fink 1974) or an increase in plasma osmolality (Senay 1970). 
They suggested a direct effect of temperature on ADH release 
but MacFarlane and Robinson (1957f found no relationship", 
between the urinary concentration of ADH and increase in skin 
or body temperature in man. 
-~,,-"~ ... :.:: 
:-exei'c-ise 
Hailer et 
-."'-
Renin-angiotensin system is stimulated during 
(Kotchen et al 1971~ Kosunen and Parkarinen 19761. 
al (1975) showed the elevation of renin and angio-
tensin II to be work load dependent. The increase in angiotensin 
II with exercise may provide a stimulus for ADH release. 
It is now well established that exercise of suitable 
duration and intensity. is a potent stimulus to the hypothalamus-
pituitary-adrenal system (HPA) which results in elevation of 
the plasma cortisol level, even.:though cortisol is removed 
from the circulation more rapidly during exercise than at 
rest (Few 1974)~ 
Raisz et al (1959f found running up and down stairs 
for 30 min to reduce urine flow and it returned to control 
level during'the second hour -recovery. Castenfors (1967) 
reported urine flow to be reduced following supine work and 
( 
*Refered to by Wade 1979 
50 
after an 85 Km cross-contry ski race. Similar observation were 
reported by Refsum and Stromme (1975, 1977) during 70 Km cross-
country ski races. Urine flow was reduced from a pre-race rate 
of 0.6 ml.min-1 to 0.4 ml.min~1. Costill et al (1976) observed 
urine flo~ to decrease from 1.25 to 0.43 ml.min-1 after 60 min 
of exercise at 60% of V02 maximum, and remain suppres2ed for 
48 h. Kachadorian and Johnson (1970) found urine flow to 
decrease in a curvil~.inear fashion in response to increasing 
work loads but at the mild work load, the urine flow was 
greater than the control flow rate. 
Under normal conditions, there is a net reabsorption 
of 99% of the filtered water; therefore excretion is not a 
major consideration in determining urine flow (Vander 1975). 
It seems that the bulk of the filtered water is reabsorbed 
passively down an osmotic gradient created by sodium reabsorp-
tion in the proximal tubules and the kidney may reabsorb water 
without solute. The ability of the kidney to concentrate urine 
is dependent upon this reabsorption. 
GLOMERULAR FILTRATION RATE 
Kattus (1948) studied the effect of standing and 
walking on the GFR and the renal mechanism of sodium, chloride, 
potassium, phosphate and water excretion and found insignifi-
cant alteration in glomerular filtration rate or serum sodium 
8 
and potassium concentration. Rdigan and Robinson (1950) found 
that in the cool environment, the GFR of the men at rest 
averaged:. 108 ml.min-1 and exercise in this environment did 
not significantly alter it. In the heat, they found that the 
average GFR of the resting subjects fell to 84 ml.min-1 and:}. 
when they exercised there was a further decrease to 70 ml.min-1 • 
Smith et al (1952) found that dehydration in the heat reduced 
the average GFR by 1~~ below controls in the resting men and 
average decrease of 19 and 51% from the control level of GFR 
were observed respectively during exercise in the heat and 
during exercise in the heat with dehydration. They stated that 
exercise reduced renal plasma flow by an average of 22% in the 
cool environment, 31% in the heat and 56% when the men were 
dehydrated in the heat. The filtration fraction increased from 
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rest to exercise in all of their experiments. GFR is reported 
to be reduced during exercise (Brod 1973, Refsum and Stromme 
1975). The decrease in filtration during exercise is due at 
least in part to a reduced renal blood flow (Rowell 1974, 
Castenfors 1978). The reduction in GFR is work load dependent 
(Kachadorian and Johnson 1970, Castenfors 1978). One hour after 
exercise, GFR had returned to control levels, which urine flow 
remained depressed (Raisz et al 1959r. Therefore, the decrease 
in GFR may contribute to the antidiuresis during exercise; 
however, it does not appear to play a role in the observed 
persistent decrease in urine flow. Refsum and Str8mme (1975) 
found that in 70 Km cross-country ski race, a decrease in GFR 
was accompanied by a progressive decline in the urine concent-
rating ability. 
URINARY ELECTROLYTES EXCRETION 
Schrier 'et al (1970) stated that the effect of heat 
stress and exercise on renal hemodynamics, distal tubular 
function, urinary protein, body temperature, blood fibrinogen, 
and uric acid levels,may combine to predispose to acute renal 
failure and that the higher dehydration and maximally concent~ 
rated urine are additional factors that provide the most likely 
explanation for the occurance 'of this form of acute renal 
failure. 
Refsum et al (1973) stated that heavy exercise of 
prolonged duration at low environmental temperature may be 
accomplished with relative~y small changes in the fluid, 
electrolytes and acid-base balance. Refsum and Stromme (1975) 
concluded that in 70 Km cross-country ski race, although the 
race urine flow was low, the average urine concentration, of 
urea, Na;'Hg, C§, Cl, and P were markedly lower than during 
the preceding~ night, while the concentration of K and creatin-
ine were higher. They found that the total solutes was 621 
mMol/L compared with 911 mmol/L during the preceding night. 
They found that decreasing urine flow and endogenous creatinine 
clearance were accompanied by a fallen urine solute concentra-
tion, particularly when the race creatinine clearance decreased 
to below 70 ml.min-1 , mainly due to a fall in the urea, Na, 
'. ·Refered to by \lade 1979 
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and Cl concentrations. 
Potassium excretion decreased with urine flow but 
as other investigators (Wade, 1979) found, no difference was 
seen in the p.ercent of the filtered load excreted. Therefore, 
changes in the handling of potassium by the kidney may not 
explain·:; the decreased plasma concentration. Usik (1976) 
stated that muscular activity increases the amount of urea in 
blood,liver and muscles equally and that the urea content in 
the kidney either decreases or does not change at-all, 
increasing only after an exhausting work or during rest. Bucht 
et al (1953) found that on more strenuous work, the renal 
blood flow was decreased by 20% and the sodium excretion by 
a comparable amount. 
Sodium excretion is significantly reduced with 
exercise and remains depressed through three hours of recovery 
(Raisz et al 19591 Castenfors 1967, and Costill 19761. The 
decrease in sodium excretion was assumed to be the result of 
an increase in sodium reabsorption as the reduction was 
unrelated to changes in GFR (Castenfors 1967, Brod 1973). 
Castenfors (1978) measured the reabsorption of sodium during 
an 85 Km cross-country ski race. The percent of filtered 
sodium excreted was reduced from 0.5% at rest to 0.3% post-
exercise. This increase in sodium reabsorption accompanied 
by passive water reabsorption would contribute to the decrease 
in urine flow during and following exercise. 
SALIVARY SODIUI'I-POTASSIUI1 SECRETION 
, .. ". . ~ ..... ' ' .. 
In an attempt to study body electrolytes in severely 
ill patients, Bauer and Telfer et al (1960~found that urine 
samples could not be obtained and saliva offered an alternate 
means of studying body K. In fact they went on to show that 
.86Rb was an effective substitute for 42K in these stUdies 
were in some patients the K isotope might need substitution. 
There is early little work with saliva electrolytes in exercise 
however Salminen and Konttinen (1963) found that exercise (2 h 
march) had no marked effect on the serum sodium and potassium 
but the salivary sodium concentration increased nearly two-
( 
! :~efered to by Wade 197'.9 
~ .. Refered to by Burgen and i 
; : :"Emmelin 1961 ;i:· ·1 
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fol~ during the exercise, and had decreased to its initial 
value within 2 h recovery. No noteworhy changes in salivary 
potassi~ concentration occured. The salivary protein concent-
ration increased during exercise, and this increase was 
positively correlated with the increase in the salivary Na/K 
ratio. 
AL-Fatthi et al (1978) studied changes in salivary 
Na, K, Cl, Ca, inorganic phosphate and I1g in normal and patients 
subjects and found that patients with acute inflammation of 
the pharynx showed highly significant rise in the Na,K ~nd'ql. 
Na+ /~K+ ratio was also significantly increased. Gilman et al 
(1979) found that exercise stress led to a significant elevation 
in~-amylase and K+ secretion from parotid gland and did not 
find any evidence of circadian variation or adaptation over 
days. Prader et al (1955) stated that salivary sodium concent-
ration and the Na/K ratio of normal mixed saliva depend on ' c 
secretion rate, duration of stimulation, and the time of day, 
whereas the K+ concentration is practically independent. They 
\'lax . 
also found that unstimulated, paraff~n-stimulated and pilocar-
pine-stimulated saliva give the same results, in the same 
individual the saliva electrolyte values remain remarkably 
constant, and that ACTH, cortisone, and desoxycorticosterone 
lowertlthe salivary Na/K ratio but the effect on salivary 
electrolytes is less marked and appears to be slower than the 
effect on the eosinophils and on the urine electrolytes. Thew 
found that during exerCise the salivary Na/K ratio and sodium 
decreased 15% and 8%, respectively, while salivary K+ increased 
10%. They concluded that the salivary electrolytes react 
differently to different forms of stress and that the electrolyte 
effect is independent of the eosinopenic effect. 
r· 
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~. SELECTION OF SUBJECTS 
The subjects who took part in the present study 
were fit healthy men 25-32 years old, free of renal and 
circulatory diseases and already acclimatized to cold. Most 
of this group normally participated in various recreational 
student athletic programs. It was the policy of the present 
study to withdraw any subject whose resting heart rate and 
body temperature were above 100 b.p.m. and 37.5 C and the 
subjects were asked to stop the ergometer test work when they 
felt they had reached a reasonable state of exhaustion rather 
than simpl'e unwillingness to go on working. 
B. URINE COLLECTION,' 
'It is clear that careful evaluation of quantitative 
analytical data aids accurate diagnosis and investigation of 
various physiological responses. Before any urine was ana~sed, 
its total volume was measured and the subjects were instructed 
to empty the bladder completely and the time of ~ay recrorded. 
The sample was then diluted as required for analysis. The grou~ 
experienced no difficulty in voiding at 10 min intervals and 
the quantity of urine passed wa,s sufficient for the analyses. 
In the case of substances such as urea and creatinine which 
are normal urinary constitutes, the urine collected before the 
actual period of the test was voided as completely as possible. 
This required careful insistence to the subjects to prevent 
any pretest contsmination of the later test samples. Urine 
volume was taken a basis for calculating the analytical output 
per unit time. Usually on completion of such measurements, 
a small aliguot was set a side to check day to day precision 
and accuracy of methods employed. The analyses were usually 
done on the same day as the experiments to avoid any degene-
, 
ration of constituents and before analysis the urine was 
centrifuged in order to prevent interference by precipitated 
material. 
a. SALIVA COLLECTION 
Free flowing whole saliva was collected without any 
stimulation by asking the subjects to spit periodically into 
small clean collecting tube for two minutes, the tubes were 
then centrifuged and the clear supernatant fluid was removed 
) 
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tor analysis. As in the case of urine, saliva was analj:sed on the 
same day o~ the experiment. During work in warm conditions 
especially during heavy work where sweat had occured, precaution 
were taken to wipe around the mouth and prevent sweat contamina-
ting the saliva sample. 
D.PRECISION AND REPRODUCIBILITY 
Health care, whether predictive, preventive, diagnostic, 
curative or rehabilitative is increasingly dependent on laboratory 
findings. Inaccurate results may have serious consequences ~or 
.. the health of individuals or comUnities and may also lead to the 
expenditure of~inancial resources on needless or inappropriate . 
action. Thus,.the quality of a laboratory's performance (its 
proficiency) has to be assured before confidence can be placed in 
its results. 
It is becoming important that quality control should be 
employed in clinical laboratories because ~., results have been 
obtained by various investigators from surveys in which wide 
variation in blood analysis was obtained by different laboratories 
which was a good reason to employ" precision:; ( the exactness in 
repeated determination of a test ) in the present study. 
All the equipments have been calibrated by strict . 
routine of ~ormal pathology laboratory teckniques. Control serum 
type seronorm B.D.H. Ltd. was used and the values calculated for 
the. control have been made by analysing aliquots 20 times by each 
method and usually one control sample included for every 1,0 tests 
performed on each parameter. Normally sample from the preViious 
day was retained and re-analysed in full with the following day's· 
batch of samples. Accuracy limits of two standard deviation units 
were accepted based usually on the control value or the mean of 
several of the in-batch control values. When the value was greater 
than two a review was made for the possible source of experimental 
error. Similarly, these criteria was carried out each time a fresh 
set of controls solutions were made up. In general, the experiment 
was repeated when: (1) A value tell outside the two standard 
deviation units (2) Seven successive values tell above or below 
the nominal value (3) Seven successive values showed a persistent 
tendency to rise or to tall. This scheme of rigid quality control 
ensured reliable information might be obtained. 
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E. THE ENVIRONMENTAL CHAMBER 
The chamber is a heat and sound insulated unit having 
a volume of 43m3 and facilities for manipulating the environ- I 
mental conditions like temperature and relative humidities. I 
The range of selection is for temperature 10-40 C ± 1 % C, and 
for relative humidity 20 % -95 % ± 2.5 %. The chamber has 
cavities in the walls, ceiling and floor. Within these cavities 
are copper pipes that carry glycol solution (basically anti-, 
freeze) which can be cooled or heated for heating or cooling 
the surface of the inner walls, ceiling and floor. The air is 
recirculated by a variable speed fan, which displace 1500 cubic 
feet per minute. This air can be heated or cooled and humidi-' 
fied or dehumidified depending on the requirements within the 
range given previously. The f'an speed can be controlled 
manually from zero to full output. It draws the recirculating 
air from the room through a filter and mixes a pre-determined 
amount of fresh air into the system. After passing through 
the fan the air can be humidified by steam injection. The 
steam being generated by two independently controlled imersion 
heate~. If dry air is required the dryer unit (sil~air dryer 
uni t), which is composed of two silica gel banks;' one of these 
in use will dry the air down to 20 % rh. by extracting the 
moisture, whilst one bank is being used the other is being 
dri'ed out by passing heat through to the outside atmosphere. 
They automatically switch over as each in turn,becomes satura-
ted. 
The liquid service unit comprise four circulator 
type pumps, one for each of the four surfaces. Each circuit is 
controlled separately by a motorized mixing valve. This valve 
with its sensors and electronic control system allows the 
mixing of hot or cold liquid into the recirculating liquid 
system and maintains close temperature control. 
The interior walls are covered by thin aluminium 
til.es. The floor is made up of a system of wooden joists 
through which the pipework runs and is insulated from the 
concrete base on which it stands. Rh., temperature and amount 
of fresh air can be controlled manually or semi-automatically. 
The operation instructions for the chamber included 
a routine at steps and interlocked switches to prevent 
inappropriate subsections of the system operating in the wrong 
order. Any of the conditions required could be controlled semi-
automatically or manually. Adjustments using the manual controls 
were neccessary from day to day to correct for changes in general 
exi~rnal environmental conditions. 
For the experimental work the chamber was equ1p~d with 
wet and dry bulb and globe thermometers by which to estimate the 
usual heat indices and Katathermometers to calibrate the hot I""wire l 
anemometer· probe of the light's instrument's thermometer monit~ 
ing system. Cylinders, body weighing scale-and centrifuge were 
also arranged near the chamber to facilitate handling subjects 
and samples without trouble. 
"" - -'- -.-~-- .,' - . - '- - - . '- ',":,. ."---,- - ~::--:'--.. ---'. 
,-~:, <~-::Ta1ile3jTechnical' detai1s~of",-·the- environmental chamber _. . 
Room volume: 42.75 m3(4.72 m X 2.92 m X 3.10m)1 
Ventilation rate: 0-55 air changes/hour (recircu- I 
lation) 
Fresh air circulation: 0':'25 % recirculation 
rate 
Temperature range],. 10-40 C .:!: 1. C 
overall 
Relative humidity range 20-95 % .:!: 2.5 % 
Walls, ceiling and 0-50 C + 1 C 
floor temp. range 
Air handling unit 
Absorbent dryer 
0-0.71m3/sec (variable speed fan) 
0~071~3 /sec~ , 
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E. THE CYCLE ERGOMETER 
Work rate was by cycling on an electromagnetically 
loaded ergometer as designed by E. A. Muller in the Max-Planck 
Institute for work physiology, Dortmund (1964)-see Appendix C -. 
All subjects worked with the pace setter at 60 r.p.m. In order 
to determine capacity-pulse index, Muller's technique was modi"".: 
fied since our subjects found sufficient difficulty when cycling 
against Muller zero setting that they exhibited psychological 
elevated heart rates, i.e., Bowen's effect. This was avoided by 
setting the initial load at 50 watts and then continuing for 2 _ 
min before resetting the device to increase its load automati .. ,·:· 
cally (i.e. elL work) by 10 watts each minute of cycling. This 
calibration is correct only at 60 pedal revolutions per minute, 
and requires skill and care to be observed by the cyclist under 
test. This is attained by the help of a pace-maker which is 
supplied with the cycle ergometer _ (see Appendix C ). On this 
ergometer, calibration of the preset work rate is carried out by 
a free pendulum method for standarizating the magnetic field. 
~he work rate figure observed from the cycle ergometer requires 
correction for frictional property of the machine and factors 
. .c·~oncerned with cycling skills posture. This requires constructing 
initially a heart rate-work rate graph by Muller's technique and 
then extrapolating this relationship back to a theoretical zero 
work setting. (see Appendix D). This value is about 70 watts and 
. represents the difference betw~en observed and corrected nett 
work-rate; it is the corrected nett wor-rate which has been used 
throughout this study. 
" .. ' 
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G. MEASUREMENT OF DRY-BULB I \lET-BULB TEMPERATURE AND RH. 
The most convenient and widely used method of measur-
ing the humidity of the air is to observe the temperatures of 
wet- and dry-bulb thermometers, and then from suitable tables, 
to calculate relative humidity. The wet- and'dry-bulb thermometer 
used were in the form of whirling hygrometer. This was of " 
classical rattle-like construction provided with a pair of 
thermometers one of which was fitted with a wet cotton fabric 
wick over the bulb. Since a whirled or aspirated wet-bulb gives 
markedly different readings from a quiet unaspirated wet-bulb 
all the readings were taken immediately after proper whirling, 
of the device. The nomograms for calculating rh. were from the 
M.R.C. nomo~rams published with MacPherson 1946. These were derive 
from Haldane s work with wet and dry bulb thermometry in earlier 
,days(Bedford 1966)· 
S;MEASUREMENT OF HEART RATE 
,il 
Heart rate has been measured by direct reading portable 
pulaemeter (Multithermo) and cross calibrated by measuring E.C.G. 
(Washington Apparatus) taking continuously for two minutes at 
each stage of change in routines. 
I.MEASURD1ENT OF EXPIRED AIR VOLUME AND OXYGEN CONSUMPTION 
The expired air volume was measured by emptying the, 
content of a Douglas bag through a standard gas meter provided 
with a thermometer in the exit port so that the measured volume 
could be recalculated to STPD: 
v .. 
s 
T1X P - AT V X------:£-----
r T X P 
, 2 s 
(Vs~Volume under STPD, Vr~ Volume recorded, T1 - 273,T2- 273+ 
Room temperature, Pr .. Barometric pressure, Ps- 760 mm.Hg., 
AT. Aqueous partial pressure). 
The oxygen consumption (Vo2) was measured by taking 
synthetic rubber sample bags of expired air measuring the oxygen 
contents by Servomex Paramagnetic oxygen analyser (see appendix e 
for details). 
'Bedford T. (1966): Environmental warmth and its measurement. 
Medical Research Council War Memorandum No. 17 
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J. MEASUREMENT OF -TEMPERATURE 
Oral temperature was measured by Multithermo with oral 
to. within ± 0.1 C. 
Mean skin temperature was calculated according to 
probe, 
Ramanathan's formula: 
tlean Skin Temperature=O.3(chest temperature+arm temperature) + 
O.2(thigh temperature+leg temperature) 
A light laboratories thermometer skin probes used to measure the 
temperature at these skin sites. Each of these probes requires 
calibration dependent on its use and in this study the collective 
correction was found to be 1.9 C using standard NPL grade A 
mercury thermometers::il:l a warm water bath. 
-
For the present study it was only practicable to use 
oral thermometry and it was found that provided sui table pre,..' .. 
causions were taken would be sufficiently accurate for the purpose 
of the present study. Eowever, longer term work or heavier work 
in more severe environmental conditions caused other problems 
which reduce confidence in oral thermometry and necessitated other 
methods using thermisters etc., as described in the 'methods'. 
Throughout these experiments, the important measurement has been 
the differences in body temperature between different conditions 
and different work loads. Since absolute measurements have not 
been required,small variations in calibration or the use of 
different thermometers have not caused any problems. 
X.MEASUREMENT OF URINE PH 
The pH of urine was measured with pH-meter within one 
hour of collection since after this time ammonia tends to turn 
the urine more alkaline. The pH-meter was calibrated with standard 
barbi turate buffer solution every. timeitwas used. 
L.MEASUREMENT OF URINARY AND SALIVARY SODIUM AND POTASSIUM 
Both salivary and urinary samples were analysed for 
sodium and potassium by flame photometry. The method was exactly 
as described by. Burriel-Marti and Ramirez-Munoz 1957 and utilized 
a standard EEL flame photometer fired by propane gas cylinders 
and air from a small constant flow rotary airpump. The arrange-
I 
ment of apparatus is given in the fiqure. Reproducibility of 
results was tested daily using a precalibrated range of standard 
® 
FLAME PHOTOMETER 
Mark 11 
General Layout 
8 
I 
~'~-----
- ----- -- --<!:ooh-oLrr1 
,,1----- -------~ 
Ignition & 
Optical System 
17 
15 
Index 
1. Atomiser 
Z. Sample 
3. Capillary 
4. Mixing chamber 
5. Drain 
6. Air inlet 
7. Baffles 
B. Reflector 
9. Lens 
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9-A. Heat-dispersing glass 
10. Interchangeable filter 
11. Photocell 
12. Burners 
13. Gas inlpt. 
14. Spare Cilter 
1 S. Plane muror 
16. Plane mirror adjusting lever 
17. Lamp holder 
18. Lamp housing 
19. Lamp housing retaining nut 
20. Lens and hairline assembly 
21. End cap 
22. M ica window 
3-11, 
2 
9 
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solutions, and only the identical filters used throughout the 
whole series of tests. These precaution meant that the flame"size, 
air and gas flow rates and atomizer could be readjusted correctly 
to give very similar readings each time the photometer was used 
and thus ensured relibility of results. 
M.MEASUIill1ENT OF CHLORIDE IN URINE 
The method used was Merckotest prepackaged tests for 
~hich the urine wa!u~iluted 1 t1 with distilled water. Principle 
gf the method depends on mercurimetric chloride titration using 
diphenylcarbazone as the indicator. The procedure is given in 
appendix H. 
N. MEASUREMENT OF CREATININE IN URINE 
The method used was Merckotest prepackaged tests 
for which the urine was diluted 1:100 with distilled water. 
The pnnciple of the method utilizes a yellow-orange coloured 
derivitive of creatinine in picric scid solutions. This method 
distinguishes itself by its high specificity without inter-
ference from proteins which may be present in the solution. 
The procedure is given in appendix H 0 
O. MEASUREMENT OF UREA IN URINE AND SALIVA 
The method used was the Berthelot Reaction for which 
the urine was diluted 1:100 with distilled water, no dilution 
for saliva was necessary. The principle of the method is based 
on ureesse digestion of urea to give ammonium carbonate. The 
Berthelot Reaction was the blue colour formed by interaction 
of phenol deriv4tive with sodium hypochlorite and sodium 
nitroprusside. The procedure is given in appendix H 0 
CHAPTER 4 
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EXPERIMENT 1, 
Four healthy men, average age 30 and free. of renal and 
circulatory diseases took part in this experiment wearing the 
same type of clothing and sitting in the same ambient conditions 
of 18-20 C dry bulb, approximately 30 % rh. before starting the 
experimental procedure. The subjects were fully informed and 
familiarized with all procedures prior to the experiment. They 
were requested to abstain from food and drink for 12 h,prior to 
the experiment. The subjects started the experiments at 10.00 am 
by voiding their bladders each occasion to reduce changes due to 
circadian variation in electrolyte excretion. Their weights and 
heights were taken just before entering the environmental chamber. 
set at 10 C dry bulb and 50 % rh. When they entered the chamber, 
they sat quietly on a chair for 20 min, then transfered on a cycle 
ergometer and rested for another 10 min (total rest period was 30 
min). The cycle ergometer was set at 1 Hz. and 120 watts-corrected 
nett- and at the end of the rest period the following measurements 
and samples were taken:-
heart rate; expired air volume and oxygen analysis; oral and skin 
temperatures of the chest, upper arm, thigh, and leg; urine ,'c '":.'. 
samples (vol~e, pH, sodium, potassium, chloride, and. creatinine); 
and two minutes salivary sample (sodium and potassium). Six 
minutes after taking the measurements and samples, the subjects 
then performed the following work loads for 4 min each (i.e. 
working time was 4 min) with 6 min rest period between each work 
load:- 120, 170, 220, 270, and 320 watts-corrected nett-. During 
the fourth minute of each work load, heart rate and expired air 
volume were taken and immediately after the completion of each 
work load,oral temperature, skin-temperature, urine and two 
minutes saliva samples were taken. At the end of the experiment, 
body weight was record.ed again. It is worth.· adding that if an 
oral temperature and heart rate of any subject at the end of the 
~est period were in excess of 37.5 C and 100 b.p.m., respectively, 
the subject was withdrawn from further participation in the 
experiment. 
EXPERIMENT 2_ 
The same procedure as experiment 1, performed inside the 
climatic chamber set at 20 C dry bulb and 50 % rh. 
EXPERIMENT 3 
The same procedure as experiment 1, performed inside 
the climatic chamber set at 30 C dry bulb and 50 % rh. 
EXPERIMENT 4 
The same procedure as experiment 1, performed inside 
the environmental chamber set at 40 C dry bulb and 50 % rh. 
EXPERIMENT 5 
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, A new group of four men average age 30 and free of renal 
and circulatory diseases took part in this experiment wearing the 
same type of clothing and sitting in the same ambient conditions 
of 18-20 Cj approximately 30% rh. before starting the experi-
mental procedure. The subjects were familiarized with all 
procedures prior to any experiments. They were requested to ,1 
abstain from all food and drink for 12 h prior to the experiment. 
The subjects started the experiment at 10.00 am on each occasion 
to reduce changes due to circadian variation in electrolyte 
excretion. They voided their bladders and their weights and .... '.,:" 
heights were taken just before entering the environmental, chamber 
set at 30 C dry bulb and 50 % rh. "'hen they entered the chamber, 
they sat quietly on a chair for 10 min, then transfered to rest 
again seated on a cye'le ergometer for another 10 min (total rest 
period 20 min). The cycle ergometer was set at 1 Hz. and before 
they started the work, heart rate, oral temperature, urine sample 
(for the determination of measurements given earlier), and two 
minutes saliva sample. The subjects then worked at 120, 145, and 
170 watts for 20 min for each work load with 20 min rest period 
between each work load and after the 170 watts. The same measure-
D;ents and samples were taken on completion of each work load and 
rest period. At the end of the experiment, body weight was 
recorded again. If an oral temperature and heart rate of any 
subject at the end of the rest period were in excess of 37.5 C 
and 100 b.p.m., respectively, the subject was withdrawn from 
further experiments. 
EXPERIMENT 6 
The same procedure as experiment 5, performed inside 
the climatic chamber set at 30 C dry bulb and 60 % rh. 
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EXPERIMENT 7 
The same procedure as experiment 5, performed inside the 
climatic chamber set at 30 C dry bulb and 85 % rh. 
EXPERIMENT 8 
A new group ot four healthy men, average age 30 and tree 
of renal and circulatory diseases took part in this experiment 
wearing the same type ot clothing and sitting in the same ambient 
conditions of 18-20 0 dry bulb, approximately 30 % rh. before 
starting the experimental procedure. The subjects were familiari-' 
zed with all procedures prior to the experiment. They were reque-
sted to abstain from all tood and drink for 12 h prior to the 
experiment. The started the experiment at 10.00 am each occasion 
to reduce changes due to circadian variation in electrolyte 
excretion. They emptied their bladders of urine. Their weights 
and heights were taken just before entering the climatic chamber 
set at 20 0 dry bulb and 50 % rh. When they entered the chamber, 
they sat quietly on a chair for 20 min, then transfered to rest 
again seated on a cycle ergometer for another 10 min (total rest 
period was 30 min). The cycle ergometer was set at 1,Hz. and 
before they started the work, the same tull list of measurements 
and samples were taken of cardiac, thermal, urinary and salivary 
parameters. The subjects then worked tor 60 min at a work rate of 
170 watts-corrected nett-. During work, the following measurements 
and samples were taken at the tollowing intervalest-
heart rate, every 5 min 
oral temperature: every 5 min 
saliva (2 min collection): every 10 min 
urine : every 20 min 
When the subjects tinished this 60 min work routine, they rested 
for 40 min and the above routine was repeated in tull during this 
recovery perio~. At the end ot the experiment, body weight was 
recorded again. and'; l a,s:previously, it an oral temperature and 
heart rate ot any subj-ecit,' a;t.';-tlle, end ot this rest period were in 
excess ot 37.5 0 and 100 b.p.m., respectively, the subject was 
withdrawn from further partiCipation in the experiments. 
EXPERIMENT 9 
The same procedure as experiment 8, pertormed inside 
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the climatic chamber set at ~O C dry bulb and 50 % rh. 
EXPERIMENT 10 
The same procedure as experiment 8, performed inside 
the climatic chamber set at 40 C dry bulb and 50 % rh. 
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HEART RATE 
The increase in heart rate with increasing work rate is 
linear within a wide range. However, there are exceptions, and 
these are perhaps more frequent among untrained than trained 
subjects. When a subject performs very heavy work, the arterio-
venous oxygen differences may increase so that the oxygen uptake 
increases relatively more than the mechanical cardiac output. 
Additionally emotional factors, nervousness, and apprehension may 
affect the heart rate at rest and during work of light and 
moderate intensity. 
The heart rate at a given oxygen uptake tends to be :;:;:;::;; 
higher when the work is performed with the arms than when with 
the legs (Christens en 19311 and static (isometric) exercise also 
increases the heart rate above the value expected from the 
calculated work load. In fact, a variation in heart rate at a 
given oxygen uptake at rest and during submaximal exercise often 
produces a change in stroke volume, usually a compensating de 
decrease, so that cardiac output is maintained at an appropriate 
level. This tachycardia associated with exercise has ,usually been 
attributed to an initial psychogen~c influence, supplemented by 
s venopressoreceptor response especially when exercise is strenous 
or prolonged •. This is accentuated by any decrease in blood volume 
due to movement of plasma water,into the tissues., Similarly an' I 
increased body temperature due to the problems of heat dissipatio~ 
is expected to accelerate several physiological processess locally 
as well as reflexly. The increased ventilation, heart rate, and 
circulation in turn help in the dissipation of heat •. Since 
muscular activity generates heat and also stimulates cardio-
vascular activity" the inordinate increase in heart rate during 
exercise in heat and humidity is not unexpected. 
Heart rate during work in heat has been found to 
increase with an increase in environmental temperature at all 
levels of work. To this extent heart rate might be thought of as 
a 'thermometer' except that at maximum levels of work there is no 
difference. As the cardiac output and arteriovenous oxygen 
difference oxygen difference remain unaltered in heat (Rowell 4974' 
for the same work level, the increase in heart rate would indicate 
(, 
·,·Refered to by Astrand and 
I Rodahl 1977:, 
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reduced stroke volume. As the maximum heart rate remains 
unaltered in heat, this will result in a reduction in the maximum 
cardiac output and, in turn, in the maximum oxygen uptake capacit;y 
From the present study, one can see that there is 
significant correlation between heart rate and increased work 
rate during different environmental temperature (Fig. 1Y. The 
differences in heart rate are shown in the following table:-
Table 4 
'<londi tions Pre-Work 120 Watts 220 Watts 320 Watt~ 
(C) -Lt' P 't' P 't' P , t' P 
10 and 20 103 0,05 NS 0.9 0.05 NS 1.5 0.05 NS 2.2 0.05 NS 
10 and 30 5.6 0.02 S 0.2 0.05 NS 2.5 0.05 NS 1.4 0.05 NS 
10 and 40 3.7 0.05 S 1.9 0.05 NS 4.6 0.02 S 2.9 0.05 NS 
20 and 30 Q.7 0.05 NS 0.5 0.05 NS 0.2 0.05 NS 0.5 0.05 NS 
20 and 40 1,.8 0.05 NS 4.0 0.05 S 1.2 0.05 NS 0.6 0.05 NS 
30 and 40 0.2 0.05 NS 3.3 0.05 NS 0.7 0.05 NS 0.4 0.05 NS 
S: Significant, NS: Insignificant 
For an arbitrary heart rate of 120 b.min-1 , the work rate at 10C, 
20C, 300 and 400 dry bulb was by interpolation 230, 195, 183 and 
114 watts, respectively. i.e, moving from comfortable conditions 
to 400 condition, the environmental effective load increased by 
80 watts. Since at comfortable conditions, a heart rate of 120 
-1 ' b.min can be sustained for long periods of time in healthy, 
well-condition young individuals, the work intensity must be 
reduced when the environmental temperature increases in order to 
enable continuation of work for 'a prolonged period of time. The 
rate of increase in heart rate due to increased work rate was' 
7. 14, 13, and 9 b.min-1 .for each 50 watts increase in heart rate. 
during work at 10, 20, 30, and 400 , respectively. 
If one takes increase in heart rate related to work 
rate as obtained in each temperature, a family of curves can be 
arranged from which it may be possible to mark on each the point 
where linearity gives way to a curvilinear relationship. Also it 
should be possible to notice at what temperature one can predict 
heart rate will be modified due to a temperature and work rate 
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interaction rather than work rate alone. This should allow one 
. 
to study the imposed physiological load due to temperature 
causing changes in heart rate which can be recalculated as an 
effective increase in work load. In the present study, the 
.~heart rate/work rate relationship was linear at 200 dry bulb 
(50% rh) while during work at 100, 300 and 400 dry bulb (50% rh), 
the relationship was linear up to'170-220 watts, after which it 
became curvili~ar. 
It has been reported (Astrand and RodiJh;l 1,977) that 
if for some reason, the venous return to the right heart is 
restricted temporarily by a sudden change of posture such as a 
crouching position that reduces the blood flow in the femoral 
veins, then the ability of the circulation to meet this 
emergency and maintain~cardiac output by sudden,acceleration of 
heart rate can not occur in heat. If, for example, the heart rate 
-1 is already 160 b.min . due to the heat then its acceleration to 
190 b.min-1 to meet the emergency will effect only a small rise 
in cardiac output. This is seen in the oase of vasovagal faint 
in heat, the mechanisms of which appear to be the same as in hemo-
rrhage. Actually, in comfortable conditions, this type of 
emergency would be met by a sudden acceleration of heart rate; 
cardiac output and blood pressure would be maintained. Once the 
venous return has been restored to normal, stroke volume'would 
increase a5ain to normal, and heart rate would fall to its 
original figure. This can explain why people working in heat 
with heart rates of 150-160 b.min-1 are so precariously balanced 
that giddiness and circulatory collapse commonly occur quite 
apart from the demands of increased peripheral dilation. 
There was significant correlation between the effects 
on heart rate of increasing humidity and work rates maintained 
for 20 min at 300,and 50%, 60% and 85% rh (Fig<'t4).. Heart rate 
;~ " 
returned to prework level at the end of each reCovery period. 
TherB was significant correlation between heart rate 
and the increase in environmental temperature during prework an,d 
work at 220-270 watts (Fig.14). At lower work rate, the correla-
tion was insignificant. At 400 condition, heart rate was 18, 11, 
. -1 ' 
10 and 5 b.min 'more than 200 condition during work at 120, 170, 
220, and 270 Watts, respectively, due to the extra strain ot the 
heat imposed on the cardiovascular system. At 320W, the heart 
rate was the same at 400 and 200 conditions. Thus, the differences 
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in heart rate between 40C and 20C decreasesuas the work rate 
increases, i.e.,heart rate is a 'thermometer' at low and medium 
work rate but at higher work rate, heart rate ceases to be a 
thermometer and more closely reflects the activity level. The 
rate of increase in heart rate due to increase in environmental 
temperature was 13, 7, and 11. b.min-1 for· each 10C increase in 
environmental temperature during change in exposure from 10-20C, 
, 
20-30C, and 30-40C, respectively. 
There was significant correlation between heart rate 
and the increased exposure tiIIie during 60 min,work at 170 watts 
at 20C, 30C, and 40C dry bulb (50% rh) (Fig.17). The significant 
differences in heart rate among different temperatures before 
and at the end of work are shown in the following table:-
Conditions .l:'rework l!lnq of Work (C) 
. t· p • t· p 
20 and 30 4-.4- 0.05 S 3.2 0.05 S Table 5 
20 and 40 7.0 0.01 S 10.,)0.01 S 
30 and 40 3.2 0.05 S 7.0 0.01 S 
Heart rate at 40C and 30C were higher than 20C condition. The 
differnces in heart rate among different conditions b.min-1 
(Aheart rate) are shown as follows:-
. 
IUondl. tl.on l.I:'reworlt ·20 min 40 min 60 min 
(C) 
Table 6 .40_and.20 35 37 4-2 50 
40 and 30 10 - - 30 
30 and 20 20 - - 17 
Thus, prolonged exercise in a hot environment caused a higher 
rate than exercise at low room temperature due to environmental 
load. Sakate (1978) found that heart rate exceeded 190 b.min-1 
only at 50C conditions and stated that staying at the 35C 
condition resulted in a slight increase in pulse rate at first, 
end then pulse rate reached a steady state. At 38C, the pulse 
I 
I 
! I 
I 
• Pi 
-~ 
<l 
160 
80 
85 
65 
45 
Fig. 17 
EASED ON 60 MINUTES ~ORK, 170 WA~To (CURRECTED NETT), 
AND 50% RH. 
h(p",0.1:) __ -
. 25'.I!-t-108 ."" --
-
y",O. _-
"'OC '-- . ~ ,-------
"'1---
2"'T+"'9 • .6(I',.0.22- - --1:,,0 • ./ ./_-
,O(),,' __ - .. 
- - "'(:E .. ro::.~OZ5~) _-----
1: .. 0. ,O~-t-25 • ./ ._:: 2512~0~C~,.::::;::·:':' '=:~=:=-_""' ___ P-_-, 
BEF01!E 
WUJiK 
.l!:.u-OSURE TIME (MINUTl!l:» 
60 
77/ 
------_. 
I 
---------- -- -
""" :;:: 
• P< 
. 
~ 
'-J 
~ 100 
~ 
8 
~ 
B:&J!'URE WORK. 
50 
80 
70 
~ 
~ 60 
<l 
50 
40 
30 
20·, 30 .. 40 
ENVIRONMENTAL TEHPERATURE ( C ) /;;; 
Fie;. 18 
79) 
rate showed a linear increase with the passage of time. Dillelq{ 
. . 
(1931) found the heart rate increased with external temperature 
even when internal temperature was' the same. Its output per unit 
time remain constant or increased slightly. Consequently, its 
output per beat must diminish with increasing external tempera-
ture • The ability to work continuously for 60 min in heat. 
depends on the individual. In every case, thexheart,rate reaches 
its upper limit when exhaustion occurs. The outcome of many 
hot-room experiments studying heart rate is the same; the 
maximum heart rate is reached simultaneously with the onset of 
exhustion. The highly trained individual continues working at a 
high environmental temperature after his maximum heart rate is 
attained. In fact, there is evidence of a decr.eased blood supply 
to active muscles when work is done at a high external tempera-
ture and skeletal muscles are not called upon for more work and 
may reach an equilbrium with regards to oxygen supply by a slight 
further increase in lactic acid accumulation as reported previous-
ly (Astrand and Rodhal 1977). The heart, on the other hand, beats 
faster, presumably is less efficient, and hence requires more 
oxygen at a time when its blood supply may actually be decreasing 
because of decreasing systolic pressure. 
With the onset of exercise, the heart rate increased 
sharply (Fig19) from an initial value of 60-70 b.min-1 to 90-1~5 
b.min-1. after 10 min, increased gradually to the end of the 
exercise. After exercise, a rapid decrease in the heart rate was 
observed which was followed by a more gradual return toward the 
ini tial level during 20C and 30C dry bulb (50% rh) work, while 
during the 40C condition it remained around 100 b.min-1 and took 
more than 20 min to re~ to the initial level. The mean heart 
rates throughout the experiments were significantly higher in 
400 than in 300 and in 30C than in 200 conditions. Actually, when 
muscular work is done in a hot environment, heat produced in the 
body tends to accumulat~more rapidly as a consequence of the 
decreased heat dissipation. In order to prevent the rise in .:.'" 
internal body temperature, the skin flow should increase to 
facilitate this transfer of heat. Since the heart rate during 
exercise and recovery were significantly higher in the hotter 
conditions, one can conclude that the hot environment places 
more stress on the cardiovascular system as a result of the 
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increased requirement of the cutaneous circulation for heat 
dissipation. 
exposure 
200, 300 
The~ate of increase,in heart rate due to ~ncreased 
time was 4, 6, and 5 b.min-1 d~ing 60 min work at 
,. 
and 400, respectively. ~e rate of increase in heart 
rate due to increase in environmental temperature. during 60 min 
work was 2 b~min-1.0-1, during changes in exposure' from 20-300 
and 3b.min-1.0-1 during changes in exposure from' 30-400. If we 
. eompare the present study with Pandolf et al 1974 involving dry 
and humid heat, we find that during the dry heat experiment, 
heart rate is seen to equilibrate at higher levels as the 
environmental .temperature is elevated and when compared to a 
comfortable environment (250) heart rate is increased approximatly 
1 b.min71 0~1o During the humid experiment, heart rate never 
reached equilibrium for the exercise duration of 30 to 35 min 
and at the end of exercise, heart rate was. elevated approximately 
2 and 4 b.min-1 for 320 and 400 conditions, respectively, for 
each 10 increase in environmental temperature "above 250. 
In Brouha (1967), during submaximalwork and regardless 
of the envir'onmental temperature, no steady state of' heart rate 
was achieved and it was stated that heart rate is influenced not 
only by changes in work load but also by the environment. A,,:' 
definit increase in heart rate took place under warm dry condition 
and even more under warm-humid condition hence the warm environmui 
. decreased efficiency. The lowest efficiency was observed in the 
warm humid environment and thus we may conclude that there is en 
increasing degree o,f stress from normal temperature to warm -
dry and to warm - humid conditions both during the work and 
recovery. 
In the present study,' during 60 min work at 170 watts, 
there was significant correlation between heart rate and the 
increase in environmental temperature before work, 20 min work, 
40 min· work, and 60 min work (Figo,18). The differences in heart 
. , 
rate are shown in the' following table:-
IWork period ~min 200 400 
t' . P 1 ~ t' l:' 
20 and 40 
-
0.05 NS 3.9 0.05S 
20 and bO 
- O.O"~ '5.8 0.05 l:i 40 and 60 - 0.05 - 0.05 NB, 
82. 
During work at 400, heart rate at 40 and 60 min work were the 
same. The following table illustrate the differences in heart 
rate (6heart rate) among'difi'erent,'exposures;-
E~osure Time ~min2 AHeart Rate ~b,min-12 
", 
,0 (or' 4-0) and 20 ,0 
,0 (or 40) and a.~.,,: "i . , ~,,, 80 
Prework 
20 and Prework 60 
Thus, the increase in heart rate due tm increased 
temperature during continuous constant medium work 
gradual until, 40 min of work after wh~ch the heart 
environmental 
rate is 
rate stabilizes I 
, 
From the present study, one can see that the main 
response of the circulatory system to heat is to change heart 
rate which is significantly and markedly raised at all levels of 
work up to near the Waximum. In fact, the difference in heart 
rate reaction between hot and comfortable conditions diminishes 
as maximum oxygen intake levels are reached, so that the 
asymptotic values of heart rate are not significantly different. 
Thus, the primary effect of heat on the circulatory parameters 
concerened in the transportoi' oxygen from lungs to working 
muscle is manifested in heart rate. 
As we have mentioned earlier muscular work in a hot 
environment tends to raise body temperature which accelerates 
ventilation, heart rate, and circulation. The decrease in body 
temperature (hypothermia), on the other hand, has different effect 
Heart performance, measured as contractility and peak pressures 
of isovolumic contraction under given circumstances, at rest and 
during low work loads is enhanced by hypothermia (Reissman and 
Kapo9r1956). Some mechanical properties of the heart muscle, 
studied on isolated preparations are impaired by hypothermia. 
Thus, the rate of tension development per unit time is decreased, 
and time to peak tension and relaxation are prolonged. The latter 
findings explain very well the reduced heart rate during maximal 
exercise at subnormal body temperature. It is possible that other 
factors, such as reduced sympathetic activity and increased 
systemic blood pressure, may influence cardiac performance during 
I • ~ 
maximal exercise in hypothermia. Jose et al (1970) found that 
.~. r • . '", . . ;.~_ , 
'_--=:':. ,".' .• ", _~~.~ .J}-:-·i:~~ :--~-~ 
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intrinsic heart rate at rest decreased by 7 b.min-~. These 
. . 
findings indicate that the decrement in heart rate during 
maximal exercise at subnormal body temperature may be a conseq-
uence of a reduced intrinsic heart rate. From a regulatory point 
of view, one might expect hypothermia to teduce pulmonary 
ventilation. 
Any condition. that accentuates the stress of a given 
level of exercise (such as a low V02 maximum or addition.of heat 
stress, dehydration, hypovolemia, etc.) and in turn raises 
sympathetic nervous outflow to cause increased heart rate, would 
also be expected to cause increased sympathetic vasomotor outflow. 
Under such condition, then, increment in heart rate reflects the 
increased reliance of the cardiovascular system on redistribution 
of cardiac output to meet the.greater demands on it. Since 
exercise increases sympathetic nervous activity to the heart 
and visceral organs in direct proportional to the relative 
severity of exercise and since heat stress alone raises sympath-
etic nervous outflow in proportion to the rise in right atrial 
blood temperature, therefore superimposition of heat stress and 
exercise has additive effects,on heart rate, so that any given 
relative severity of ·exercise the sympathetic activity is always 
greater by an amount proportional to the increase in environmental 
temperature. 
84 
CHAPTER 6 
RESULTS AND DISCUSSION: 
A. EXPIRED AIR VOLUME 
B. OXYGEN CONSUMPTION 
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A- EXPIRED AIR VOLUME 
Ventilation increased from resting level of 5 L/min to 
about 55 L/min at maximum work capacity. The increase was nearly 
linear but at the heavier work loads the relative increase was 
greater becoming curvilinear. It is suggested that muscular work 
as such, through afferent impulses from the engaged muscle spindles 
and/or from the central nervous system, increases the activity in 
the "I andDCmotoneurons of the respiratory muscles through spinal 
and the supraspinal reflexes of the vasomotor and other centres, 
and thus in a closely coordinated manner produces an increase in 
the frequency and depth of'respiration, often in pace with the 
muscular movements. The actual regulation of respiratory volume 
then takes place through a negative feedback mechanism, primarily 
determined by the CO2 production in relation to e02 elimination 
during expiration. The Peo of the arterial blood will, via 
. 2 
respiratory generators, determine the magnitude of the ventilation. 
+ . During anaerobic work, the H concentration of the blood increases, 
with the consequence of a further stimulation of respiration. 
During heavier work, the carotid and aortic chemoreceptors show a 
small secondary effect in stimulating respiration, possibly 
because an increased sympaticus activity will reduce the ,blood 
flow to the chemoreceptor areas so that their local P02 ~ops ~ 
spite of an almost normal values for P02 in the arte~ial blood. 
During maximal work, thereis a reduction in available P02 of the 
arterial blood which should further increase ventilation. 
There was a highly significant correlation between the 
expired air volume and work rate in subjects doing graded work at 
10 e, 20 e, ,0 e, and 40 e dry bulb (50% rh) and there were 
insignificant differences in expired air volume between subjects 
working at 10 0, 20 e, ,0 e, and 40 e dry bulb (Fig.20). The rate 
of increase in expired air volume was 0.20 L per 1 watt increase 
in work rate. The present findings confirm other previous findings, 
like eostill (1976) and Dillu f19,1), tpat as a response to . 
increasing work, respiratory rate increased progressively and 
linearly. In fact, the increase in b~dy temperature because of 
work increases the base-binding capacity of body proteins at a 
given hydrogen ion concentration. Thus, in order to maintain a 
constant hydrogen ion concentration while body temperature is 
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rising, carbon dioxide must be liberated by lungs faster than its 
rate of production by oxidative processes. 
Respiratory rate increased as soon as exercise began 
" ,and remained at a steady level during submaximal work. A further 
increase took place as soon as the work load became heavier and 
a steady state was not reached during maximum work. 
There is a contraversy about the effect of environmental 
temperature on the respiratory rate. In the present study, it has 
been found that there was a positive correlation between 
respiratory rate and the increase in environmental temperature 
before work, at 120 Watts, and at 220 Watts work rate while at 
higher work rate (270 and 320 Watts), there were a negative 
correlation (Fig.21).This is because at higher work rate, 
respiratory rate becomes a limiting factor. As the environmental 
temperature increases for a given work rate, there appear a more 
significant decrease in expired air volume. At lower heart rate, 
these changes are less significant suggesting that respiratory 
rate is not operating as special control. 
Sakate (1978) stated that respiratory rate showed the 
highest value at 20 C and lower values were obtained in cold and 
hot environment, while Hori (1978) and Robinson observed that 
the respiratory volume was greater during exercise in 35 C and 
in 30 0 when compared with those in 23 O. In the present study, 
the respiratory rate was definitely lower under hot condition 
during very heavy work. In fact, pulmonary ventilation, which is 
under nervous control, participates in both convection and 
evaporative heat exchange of the body. Its importance depends on 
the volume, temperature, and relative humidity of the inspired 
air. In human, this factor is of much less importance quantita,;,.' 
tively than heat exchange through the skin, although a rise in 
internal body temperature will cause a definite increase in 
pulmonary ventilation. It has been found with men performing a 
a constant rate of work in extremely hot environments that pul-
monary ventilation was increased by'25-50% for each degree centi-
grade elevation of rectal temperature over control values deter-
mined on the men performing the same work in a cool environment. 
The rate of increase (+) and decrease (-) in expired air volume 
due, to increase in environmental temperature (L .• c~j in the 
present study are shown in the following table: 
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Betore Work 120 Watts 220 Watts 270 Watts ,320 Watt 
Jretween 10-c&200 ..,.0.16 0.07 0.16 
-0.75 -0.25 
Between -~OC&.-,300 '0.,31 0.41 0 0.45 -0.16 
Between ,300&40e 0.11 -0.11 0.1,3 0.46 -0.,38 
It appears that; the etfects,of both increased work 
rate and increased environmental temperature on expired air 
v:olume are additive., The summation effect 01' both factors on 
expired air volume is 0.41,0.44, and 0.,35:L.W:-\C-1 at prework, 
120 W, and 220W, respectively. 
B- OXYGEN CONSUMPTION 
. 
In the present study there was a highly signiticant 
correlation between oxygen consumption and work rate at 10 e, 20 e, 
30 e, and 40 e dry bulb (50% rh). Also there were insignificant 
differences in oxygen consumption during work at 10 e, 20 e, ,30e, 
and 40 e dry bulb (Fig. 20). 
The physiological responses 01' men to heat are markedly 
affected by the degree 01' heat acclimatization 01' subjects to heat. 
After heat acclimatization, the characteristic physiological changes 
such as a smaller rise in core temperature and lesser increase in 
heart rate are observed when subjects participate in the same work 
in hot environment (Lind ,'. ,196,3). These adaptive changes in 
physiological responses to heat might induce a diminished increase 
in the matabolic rate and be obviously favourable for subjects 
i'-working in a hot environment. According to Robinson et al (1941), 
men accustomed to hard work in a hot environment were more efficient 
in performing a walk in a hot environment than men who were less 
~,. 
acclimatized to heat. The work o~ Gupta and Malhotra (1977) was 
performed in India, located in a tropical zone which has hot and 
humid climate throughout the year. Their subjects were expected to 
be fully acclimatized to heat, while the subjects used in the 
present study were not. Thus, the decrease·c.in the energy require-
ment 01' a tixed submaximal work with rise in the environmental 
temperature reported by Gupta and Malhotra could be due to the 
extreme heat acclimatization 01' the subjects •. 
In the present study, the:rate 01' increase in oxygen 
consumption due to increas~ in work rate was 0.01 L/Watt.'Villiams""t 
(1962) found that._ the mean of the oxygen consumption at the highest 
rates 01' work in hot conditions and the value in comfortable 
conditions were very similar. Thus, the maximum oxygen consumption 
. level in comfortable and in hot conditions were not significantly 
I 
I 
i*Rei'ered to by Sato and 
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different. It was anticipated that the maximum oxygen intake of 
people in severe heat would not be as high as in comfortable air 
conditions. In fact, in the heat, blood vessels are dilated and 
cardioaccelerlltion occurs. These changes will alter circulatory 
dynamics in the foHowing ways: First, skin blood flow in severe 
heat is between 1 and 2 Llmin. One of the two adjustments might 
occur, if the rate of metabolism plays the predominant role in 
the. rate of increase in cardiac output, then blood shunted to 
skin will leave muscles relatively anoxic at levels of oxygen 
intake lower in heat than in comfortable conditions. Thus, 
maximal oxygen consumption will be reduced in.proportion to the 
rate of blood flow 'in this shunt to the skin. Alternately, 
cardiac output might increase to provide both for this increase 
in skin blood flow and for the requirements of muscle metabolism. 
This means that not only would the maximum level of cardiac output 
be reached at levels of oxygen intake lower in heat than in 
comfortable conditions but the maximum level of A-V difference 
would also be reduced. This is due to the fact that blood shunted 
through skin will lose little oxygen. In the same time, the 
maximum level of unsaturation of mixed venous blood in the right 
heart will accordingly be less in hot than in comfortable condi-
tions, and A-V differences will not reach' as high a figure. 
Secondly, assuming that stroke volume at each work rate is the 
same in hot and in comfortable conditions, the cardioacceleration 
occured in heat means that the maximum heart rate is reached at 
lower levels of oxygen intake. Thus, cardiac output will reach 
its maximum value in hot conditions at lower levels of oxygen 
consumption. It can be concluded that the combined effects of 
these two expected circulatory reactions to heat would s~gnifi­
cantly reduce the maximum oxygen consumption.' In the present 
study, the maximum levels of oxygen intake were'not significantly 
different in warm compared with comfortable conditions. Thus, we 
feel that Costill (1976) and Rowell et al (1969) theoretical 
explaination.:' applies to our conditions and results. 
In the present study, oxygen consumption was found to 
be unaffected by changes in air temperature. This result Lis in 
If: /MI.a.m ." 
agreement with some of previous investigations (Sato 1976, Rowell 
et al 1969 and others ), though this is in contrast with the 
results of other previous stUdies who stated that during work 
in heat oxygen consumption increases (Christensen 1933~ Durnin 
91 
~d Haisman 1966, Weinman et al 1967) or decreases (Asmussen 1940~ 
Brouha et al 1960 and Williams et al 1962). The results showing 
no effect of air temperature on oxygen consumption were obtained 
with subjects unacclimatized to heat. This is in contrast with the 
supposition that in the case of unacclimatized people the extra 
demand on the cardiovascular system may increase oxygen consum~' 
ption during exercise in the heat, though this tendency is well 
explained by the estimation that the maximal metabolic cost of 
sweating is relatively negligible (Kuno, 1956). As a possible 
reason for no observed increase of oxygen consumption during work 
in heat, Rowdl et al (1969) expolated A. V. Hill's (1927)I"observ-
ation that the mechanical efficiency of musles increase when the 
temperature is elevated and suggested this increment of efficiency 
reduced the oxygen consumption by an amount equal to or greater 
than the increment which should result from simple calculation 
of Van't Hoft's Q10 effect. The present study compared the oxygen 
consumption during four grades of submaximal work in four air 
temperature conditions. Statistical analysis of the results 
showed that oxygen consumption was the most stable parameter 
throughout the different conditions. (See '~;'\jables of data related 
to oxygen consumption changes during work in appendix A ). 
It has been reported that peak oxygen consumption during 
maximal exercise fell linearly from the level attained at 'normal' 
body temperature .. ss esophageal temperature and muscle.:' temperature 
were lowered (5-6%) and that no subject was able to attain maximum 
oxygen consumption at esophageal and muscle temperature lower than 
37.5 and 38.0 C, respectively;(Bergh and Ekblom 1979). The reduc-
tion in peak oxygen consumption for maximum exercise during 
h¥Pothermia may be explained by changes in one or several physio-
logical parameters within the oxygen transport system chain. The 
most striking explaination seems to be the changet1n heart rate 
during maximal exercise. Changes in heart rates at the end of 
maximal exercise between different levels of oesophageal tempera-
ture were related to the corresponding change in oxygen consump-
tion. 
( . , 
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CHAPTER 7 
RESULTS AND DISCUSSION OF ORAL 
AND MEAN SKIN TEMPERATURE 
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A. ORAL TEMPERATURE 
In 1946 Renbourn4\eported that soldiers stationed in 
India had oral temperature commonly 1 F higher than those 
observed in England. Adam et Ferres (1957f*found that rectal 
temperatures in a group of naval ratings stationed in Singapore 
averaged throughout the day 0.25 C higher than in a similar 
group in Oxford, similarly differences have been observed between 
acclimatized and unacclimatized subjects doing hard work in Aden. 
Wolff, Fox and Jack (1964)~carried out an analysis of body temp-
erature during a morning 4-hour march and showed that there was 
a small but significant difference at the end of the first hour 
of marching during which unacclimatized people had a mean body 
temperature 0.3 C higher than the acclimatized subjects. Nielsen 
(19381 demonstrated that over a 60 min period of exercise rectal 
temperature rose to a new steady level, that this'level was 
directly related to metabolic rate, and that the level was 
unaffected by air temperature over a wide range from 5 to 30 C. 
Wyndham et al (19531*and Lind et al (1963) showed that the rela~ 
tionship between rectal temperature and metabolic rate holds true 
only up to critical air temperatures which are different for 
different metabolic rates. The higher the metabolic rate, the 
lower is the critical air temperature. Above the critical air 
temperature rectal temperature rises to a new higher steady level, 
or in even higher air temperatures rectal temperature may continue 
to rise to dangerous levels. Strydom (1971) showed that men of 
less than 50 Kg body weight develop a higher level of rectal 
temperature than do heavier men when they work at either 1.0 or 
1.5 L/min oxygen consumption at 32 C wet bulb temperature. 
In the present study, a highly significant correlation 
was found between oral temperature and the increase in work rate 
especially at 30 C and 40 C dry bulb (50% rh) (Fig.2~). The 
significant differences in oral temperature among different 
conditions are shown in the following table: 
( 1 
*Refered to by Nielsen and 
I Davies 1976 
·*Refered to by Wyndham 1962 
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Table 10 
Condition (C) Before Work 120 Watts 220 Watts 320 Watts 
't' P S : t' p S ' t' P S ' t' P S 
10 and 20 1.1 0.05 NS 
-
0.05 NS 
-
0.05 .NS 
-
0.05 NS 
10 and 30 6.7 0.01 S 6.5 0.01 S 6.6 0.01 S 6.6 0.01 S 
10 and 40 6.7 0.01 S 8.9 0.01 S 11.70.01 S 14.5 0.001 S 
20 and 30 0.6 0.05 NS 2.4 0.05 NS 3.8 0.05 S 1.7 0.05 NS 
20 and 40 5.7 0.02 S 5.7 0.02 S 10.90.01 S 9.2 0.01 S 
30 and 40 1.4 0.05 NS 1.5 0.05 NS 2.3 0.05 NS 4.0 0.05 S 
Working at 320 watts, the oral temperature reached 38.08 C at 40 C 
and 37 C at 30 C dry bulb environmental conditions. The rate of 
increase in the oral temperature due to increase in work rate was 
0.001 C per watt during work at 10 C and 20 C dry bulb and 0.007 C 
per watt during work at 30 C and 40 C dry bulb. From the present 
study, one can see that during work at 20 C, thermoregulation 
mechanisms were efficient enough to preserve thermal balance and 
the ability to continue effort without disturbance in homeostasis. 
When the same work was carried out at higher environmental tempera-
tures, there was an accumulation of heat from both exertion and 
the environment. The rate of heat accumulation in the body exceeded 
its dissipation, in spite of clear thermoregulatory reaction, deep 
body temperature increased and most subjects reached 8 state of 
total exhaustion and stopped work. Thus, exposure above 20 C envir 
onmental temperature resulted in a tendency to cause ele~ation of 
oral temperature. Similarly, an increase in work rate causes oral 
temperature elevation which is exaggerated by moving to 40 C dry 
bulb (50% rh). 
There was a highly significant correlation between oral· 
temperature and. increases in environmental temperature before work 
and during work. The higher the ·envlronme:Q.taLtemperature, the 
higher the correlation becomes (Fig.2~). The significant difference 
in oral temperature during graded work at 40 C dry bulb (50 % rh) 
are shown in the following table: 
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BASED ON 4. MINUTES WORK AND 50% Rm., 
Before Work:: ' ~';Y.o.o.03T+35.60(P",0.001) 
1,20W:',' ':y=0.03'I+.35.60jP=0.001: ... 320 Watts 
, ,170W: ' ,Y",0.06T+35.09, P",O.001 ,.' 
220W:-,,~' ! Y-0.06T+35.08 P",O.001 •.•••• 
270\01: ,.' ,Y..o.06T+34.99 P-0.001 .•..•. ~70 Watts 
320W." , ,17...o.08T+34.83 PaO• OO.:. ..... ~20 Watts 
•.•• .... ..... ';....--170 Watts 
.0" .".~ 
.' ... t.f 
...•. ..... __ j20 .. atts 
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/ '::--:::.' 
efore Work 
.....: . 3h~~"""'-
. "".:<,A,,?O Watts 
270 Wat~J.-t<;·~tT20Watts 
220 Watts ...... ~ ~'. Before Work 
..... ::--::::;.--:,.. 
.". . ~ .. 
320; Watts1' '."' ....... ~. ~.,JJ@ . ... ~. ~.' .", ::::::-:::::t 
.. ;,.,::.,. ~~ . 
.... :;, ,~:?: 
... ;;.;,:." ........... ~.~ Before Work:" ,Y=0.17T+29.16(P=0.00' 
~: 170\1:, Y,,0.19T+29.'0 P .. O.OO,1) 
.• ;:.. ~~ 120\1:' \ y",0.1 9T+29 .1,0!P,,0.001) 
. 220\1: .'; ,Y"O.19T+29.43 P=0.001) ......-~V' 270W: ~ ,Y-O.17T+30.42 p..o.Oi'l) 
320W: -;'. Y.0.16T+30.61 P",0.01) 
3~ ~------------~------------r-------------' 10 20 30 40 
ENVIRONMENTAL TEMPERATURE ( C ) 
, , ' 
'''I. 
,_ .. , Table 11 9'J , 
Work Rate (Watts) 't' P ~ ;: Work Rate(Watts) 't' P ,'- -.' . 
Before Work & 120 1.3 0.05 NS 120 & 320 7.6 0.01 
Before Work & 170 8.7 0.01 S 170 & 220 1.5 0.05 
Before Work & 220 8.6 0.01S 
, 170 & 270 3.3 0.05 
Before Work & 270 7.3 0.01 s 170 & 320 5.1 0.02 
Before Work & 320 7.9 0.01 S 220 & 270 2.4 0.05 
120 & 170 9.7 0.01 S 220 & 320 4.5 0.02 
120 & 220 9.0 0.01 S 270 & 320 2.5 0.05 
120 & 270 7.0 0.01 S 
(S: Significant, NS: Insignificant. ) 
The rate of increase in oral temperature due to increase in 
s 
NS 
S 
S 
NS 
S 
NS 
environmental temperature is shown in the following table (C/C ) : 
Table 12 
~.tlange ~n ~xposure\v, [.l:lefore work 1~0 w 170 w' 2~0 w ~70 w 3~0 
From ' To 
10 20 0.030 0.013 0.003 -0.007 0.003 0.0 
20 30 0.032 0.055 0.072 _'0.074 0.065 0.0 
30 40 0.033 0.027 0.048 0.048 0.072 0.1 
From the present findings one can see that vasodilation and a 
lowered body temperature result in,.a decreased oral temperatur 
and that heat dissipation is more efficient than heat generati 
15 
50 
18 
e 
on. 
Thus, up to 20 0 dry bulb, the physiological adjustments for 
stress are adequate for the different rates of work. Above 20 
new and higher body temperatures are attained and as a result 
heat 
C, 
the 
ly 
at 
physiological adjustments are no longer able to compensate ful 
,for the degree of the enviro~ental heat stress. It appears th 
the effects, of increased work rate and increased environmental 
temperature on oral temperature are additive. The summation ef fect 
of both factors on oral temperature (c.'.r1.c:-1 ) is shown in 
the following table:- Table 13 
Conditions (C) Prework 120 '.I 170 'vi 220 'vi 270 'vi 320 'vi 
-, -
10-20 0.031 0.014 0.004 ,0.004 0.004 0.016 
20-30 0.036 0.059 0.076 0.078 0.069 0.054 
30-40 0.040 0.034 0.055 0.055 0.079 0.125 
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There was significant correlation between oral tempera..; 
ture and the increase in the exposure ti me during steady work 
maintained at 170 W, especially at 40C d ry bulb (50% rh) (Figs." 
ral temperature are and 4). The significant differences in 0 
shown in the following table (S:signific ant, NS:insignificant):-
Ohange in Exposure Before Work 20 mi n Work End of Work 
Condition 
From To I t I P I t I P 't' P 
20 C 30 C 1.8 0.05 NS - 0.05 NS 4.3 0.05 S 
20 C 40 C 1.7 0.05 NS 7.2 0.01 S 12.5 0.01 S 
30 C 40 C 403 0.05 S 7.2 0.01 S 12.1 0.01 S 
At the end of work, the oral temperatur e reached 39 e, ,7.70 and 
o e dry bulb conditions, ,7.0 C during work at 40 C, 30 C, and 2 
respectively, i.e working continuously at a constant work rate 
in an increase in oral of 170 watts at 40 o dry bulb resulted 
temperature of 1.4 C more than working 
o more than working at 20 C dry bulb si 
at 30 e dry bulb, and 1.9 
gnifying increased meta-
increase in oral tempera-
me was 0.02 e/min for 20 0 
/min for 40 e dry bulb. 
ween 20 min work, 40 min 
in environmental tempera-
bolic load caused by heat. The rate of 
ture due to the increase-in exposure ti 
and 30 C dry bulb conditions and 0.04 C 
There was a significant correlation bet 
work and 60 min work with the increase 
ture (Fig~. This confirms 
The significant differences 
the earlier 
in oral tem 
findings (see Fig.2H-). 
perature are shown in the 
following table:-
Working Time (min) 
Table 
15 20 and 40 
20 and 60 
40 and 60 
From the results, one can 
't' 
--
--
--
see 
?() a 
P 
0.05 NS 
0.05 NS 
0.05 NS 
that the 
't' P 
6.9 0.01 S 
10.9 0.01 S 
3.9 0.05 s 
cant only at 40C and the mean value of 
differences are signifi-
oral temperature during 
gher at 400 than at both 
tudy,there was usually 
beginnin~ of work 
exercise and the recovery period were hi 
300 and 20C conditions. 'In the present s 
a sharp increase in oral temperature at 
work followed by more gradual increase. There was sometimes a 
lag of 2 or 3 minutes before temperature began to increase. This 
31). The data suggest 
hole range of exercise 
result confirms the findings of Dill (19 
that these findings are valid over the w 
capacity an individual can sustain for 6 
(19761 found, at higher work loads, body 
o min but, as Davies 
temperature becomes a 
phenomenon may be seen curvillinear function of % V02 max. This 
- _ .. 
I " • 
I."Refe~ed:o by Nielsen 1976 .' 
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to represent a failure of the heat-dissipating mechanisms or 
alternatively as part of a common strategy made to meet both 
metabolic and thermal demands at high rates of prolonged work. 
Since the work of Nielsen (1~76), most investigators agree on the 
idea that the body core temperature is so regulated as to meet 
the reguirements of heat dissipation. However, Nielsen' argued 
that core temperature is actually set by the level of. metabolic 
heat production. Benzinger (lq6'1)1t suggested that the rise in body 
temperature is better understand in term of the body's ability to 
produce and dissipate heat. In fact, the degree of rise in core 
temperature during exercise will be a reflection of the nature 
of the control system related to the metabolic heat and the power 
of the heat-dissipating system ( principally the evaporative 
sweat loss- corrected for respiratory and metabolic water losses -
and the flow of blood to the skin ). 
Previous studies suggest that changes in core tempera- ( 
ture during work in a hot environment are the main signals which 
induce thermoregulatory response. Bligh (1977) and Chappuis (1976) 
considered that the main thermoregulatory centres located in the 
hypothalamus, receive information on core temperature from several 
thermal receptors located in both the core and the periphery of 
the body; this information is integrated with non-thermal influe-
nces to determine the intensity of the thermoregulatory responses. 
The rate of heat storage tended toward zero at the end of exercise 
at each ambient temperature. The present findings confirm Chappuis 
ideas and the final oral temperature values observed after 20 min 
recovery period seemed to be affected by the environmental tempera-
ture. The body temperature continued to.increase for short periods 
during recovery period and then decreased'; however, the values 
observed at the end of recovery period, were higher than the pre-
exercise value. These observations could be explained in relation 
to the oxygen debt or the heat content of the body. In fact, 
working at different intensities, the excess oxygen consumption 
of the recovery phase seemed to consist of two phases: 1. An 
initial period of rapid decline and 2. A prolonged period where 
the oxygen consumption slowly came back to resting values. The 
body heat content after a long recovery period is higher than 
that of preexercise level (Tanaka et al 1973). The increase in 
the muscle heat content due to exercise affects the surface ther-
mal state of the involved region, the heat content does not 
~--------
-Refered to by Shvartz 1977 
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decrease after cessation of exercise. The harder the exercise, 
the more rich in heat the blood becomes that is returning. to the 
torso from appendicular muscles during the recovery period. The 
rapid phase of the body temperature decrease might result from 
the redistribution of blood flow to preexercise level. The higher 
body temperature observed at the 20 min of recovery period of the 
40 C condition might result from the followings: a shift in the 
hypothalamic mechanisms of the body temperature level according 
to exercise; a high level of slow phase in the repayment rate of 
the oxygen debt; and an increase in the body heat content. 
The rise in core temperature during exercise is set by 
the changes of heat stores at the beginning of exercise, and is . 
governed by the total amount of heat reguiring 'active' dissipa-
tion. Actually, a rise in body temperature will promote the 
convective transfer of heat from the core to the periphery. 
Plateau level of core temperature. and its precise relationship 
to skin blood flow will be determined by the cardiovascular 
capacity of the individual, as indicated by the subject Vo2 max 
and the nature of the environment. Nielsen (1976) suggested that 
these factors are finely co-ordinated with the capacity and 
sensitivity of the sweating mechanism. 
B. MEAN SKIN TEMPERATURE 
Mean skin temperature during long exercise appear.>to 
be affected more by external temperature than by metabolic heat 
load under a wide range of ambient temperatures and to such an 
extent that a linear relationship between mean skin temperature 
and environmental temperature has been found by Saltin' et al (1~ 
and Adams et al (1975). Although a value for mean skin tempera-
ture at 10 min exposure has been used to estimate tolerance time 
during rest in hot environments (Shvartz 19721, this is affected 
more by external heat than the increased internal metabolic heat 
load and therefore may be a poor physiological index for safe 
exposure to heat and tolerance time during work. Soltysiak et al 
(1971) found that after standard work under comfortable condition, 
the mean skin temperature decreased and that after physical work 
in heat the mean skin temperature increased by 1.0-1.2 C. 
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\ There are differences in the thermal resposes of skin 
temperature for different sites. Hoddas et al (1972) reported 
that some skin areas such as the forehead showed a selective 
decrease in temperature when the total heat load increased, this 
could be explained by a local increase in evaporative rate which 
was larger in this region than in other areas. On the, other hand, 
Kamonll:.13elJinj (1969) had found a marked initial decrease in hand 
temperature and blood flow at the onset of leg exercise confirm-
ing the view expressed by Robinson et al (1965fthat sharp fall 
in skin temperature and saphenous vein temperature they observed 
after the onset of the exercise was evidence of specific local 
dermal vasoconstriction. 
In the present study, there was a highly significant 
correlation between the mean skin temperature and work rate and:' 
the significant differences in mean skin temperature are shown 
in the following table (see fig.2~): 
Table 16 
Conditions(C) Before Work 120 Watts 220 Watts 320 Watts 
I t I P I t I P I t I P I t I P 
10 and 20 5.3 0.02 s 4.1 0.05 S 3.7 0.05 S 1.5 0.05 NS 
10 and 30· " 4.2 0.01,8 7.9 0.01 8 8.4 0.01 8 6.4 0.01 S 
10 and 40 17.8 0.001 S 14.3 0.001 8 12.9 0.001 8 9.0 0.01 8 
20 and 30 4.4 0.05 8 4.3 0.05 S 6.5 0.01 8 8.7 0.01 8 
20 and 40 9.1 0.01 8 8.3 0.01 8 14.3 O. 001,S 11.7 0.01 8 
30 and 40 5.5 0.02 8 5.2 0.02 8 5.5 0.02 5.2 0.02 8 
The rate of increase in mean skin temperature due to increase in 
work rate is 0.008 C, 0.003 C, 0.005 C. and 0.003 C per watt at 
10 ?, 20 C, 30 C, and 40 C dry bulb (50% rh), respectively. 
In the present study, there was a significant correla~ 
tion between the mean skin temperature and the increase in envir-
onmental temperature (Fig.23). The rate of increase in mean skin 
temperature due to increase in environmental temperature is shown 
in the following table (C/C): 
:*Refered to by 801 tysial 
I et a1 1971 
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Table 17 104 
Changes in Exposure Before Work 120 W 170 W 220 W 270 W 320 W 
From ~o 
10 C 20 C 0.218 0.221 0.207 0.199 0.093 0.076 
20 C 30 C 0.180 0.206 0.224 0.250 0.260 0.231 
30 C 40 C 0.173 0.187 0.172 0.147 0.137 0.159 
The summation effects of work rate and environmental temperature 
(C.W-1.C~1) are 0.195, 0.209, 0.206, 0.204, 0.168 and 0.160 at 
prework, 120W, 170W, 220W,270W and 320W, respectively. 
During cycle work, the muscular activity is primarily 
in the legs and local vascular activity will be at a maximum. The 
relative wind velocity between the external environment and the 
legs is increased by their movement. Skin temperature of the limbs 
is influenced more than that of the trunk by variations in the 
environmental conditions and local effects of clothing. In fact, 
during work, the initial temperature of calf usually falls and 
this might due to the relative increase in the local air move-
ment because of the exercise movements, changes in the vascular 
activities, the thermal heterogeneity between the different areas, 
and rearrangment in the blood distribution. The thermal input to 
the skin depends on the core temperature which is transported via 
the local blood flow and the skin temperature due to the thermal 
exchange between the external environmental and core temperature. 
The increased heat transfer from core to skin delivers 
to the skin much of the heat produced in the active muscles and 
so limits the increase in core temperature during work. As a 
result of the increase in body temperature the capacity of'the 
cutaneous veins also increase. and cutaneous venodilation may 
improve efficienoy of heat loss since widening of the venous 
channels at a given volume flow rate will slow the velocity of 
flow and allow increased time for heat transfer to the skin. On 
a cold day, sympathetic activity to the cutaneous veins keeps 
them constricted, but on a hot day, sympathetic vasomotor tone is 
re.t'lexly inhibited and this allows a given distending pressure to 
produce a large increase in cutaneous circulation. Although h~.t 
transfer to the external environment might be enhanced by dilation 
of the cutaneous vessels, the cardiovascular consequences of an 
extensive peripheral vasodilation are not all beneficial. The i:' 
large volume of blood in cutaneous veins reduces central venous 
pressure and therefore reduces cardiac filling pressure. The 
-- ----- - -----------------------------
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reduced filling pressure decreases the cardiac stroke volume so 
that heart rate must rise due to the cardiovascular reflexes, 
reflecting the effects of hot thermal and exercise conditions. 
From Fig.21, one can conclude that the higher the ' .. 
ambient temperature, the less we can tolerate the higher work 
rate and the effect of environmental temperature is to increase 
the load on cardiovascular system. Work plus heat imposes a secon-
dary cardiovascular load. From Fig. 2, one can conclude that the 
critical skin temperature must be related to environmental load 
and work load. 
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A. URINARY PH (Effective(H]ion concentration) 
Hydrogen secretion plays a major role in urine acidity 
and appears to be an active process coupled directly or indirectly 
to sodium reabsorption. Thus, factors that change total sodium 
reabsorption, such as changes in either glomerular filtration 
rate or extracellular fluid volume, produce changes in hydrogen 
secretion. Factors like inhibition of carbonic anhydrase, the 
raising and lowering pf PC02 ' and potassium depletion tend to 
have a more selective effect on hydrogen secretion per se, 
presumably by modifying intracellular PH. In addition, the compo-
sition of glomerular filtrate plays an important role in deter-
mining the site in the nephroneat which limiting ~H gradient 
develop, and also the fate of secreted hydrogen. In metabolic 
alkalosis, the filtered bicarbonate increases, the tubular fluid 
remains relatively alkaline throughout the nephrone,hydrogen 
secretion approaches its maximal capacity, and all the ,secreted 
hydrogen is cons.umed in bicarbonate reabsorption. In addition, a 
small portion of the secreted hydrogen is involved in mediating 
bicarbonate reabsorption, and a relatively greater fraction of 
the secreted hydrogen reacts with filtered non-bicarbonate buffers 
and ammonia, thus augmenting net acid excretion. 
Barr and his collaborators (1923) have shown that there 
is an immediate and rapid change::iil. the reaction of the blood to 
strenuous exercise and suggested that the two or three minutes 
delay in observing any changes in urine PH represents that period 
of time necessary to flush out the urinary tract with thedimini-
shed flow of urine. The changes in the reaction of blood after 
exercise may easily account for the diminished PH and increased 
acid excretion in urine and that the return to normal is about 
the same interval of time required for the abnormal reaction of 
the blood to disappear. 
A number of stUdies have been done on the effect of 
exercise on urinary PH but almost no work has been done on the 
effect of work in the warm environment on urinary PH. Changes in 
urinary PH during and after exercise have been described by a 
number of investigatOrs (Eggleton 1942) and Kachadorian et al 
(1970) during and following moderately severe to severe exercise. 
Eggleton (1942) observed a mean decrease of 1.5 PH units immedia-
tly after exercise; but in her experiments as in those of others, 
\ 
8. BASED ON 4,. HlNOT:E2 WORK .AND' 50"). RH. 
1:0C:·.\' 
30C:) 
Fig. 26 
4 1---~--'-------r-~--~~-----,--____ ~ 
PRE\olORK 120 170 220 270 320 
WORK RATE WATTS (CORRECTED NETT) 
- - ~'-..--
7 BASED ON 4 HlNOT:E2 WORK AND 50% RH. 
120WattsL .'.,", Y=-0.019T+6.37(P=0.1) 
170Watts:, .':,'1,. Y=-0.025T+6.48(P=O.1) 
10 20 30 40 
ENVIRONMENTAL TEMPERATURE (C)"," 
I ~ 
preexercise PH was increased as a result of water diuresis. 
In the present study, there was a significant negative 
correlation between urinary PH and the increase in work rate in 
subjects.working at 10 C, 20 C, 30 C and 40 C dry bulb (50 % rh) 
(Figo 1). The significant differences and the rate of decrease in 
urinary PH due to increased work rate are shown in the following 
tableS: 
Table 18 
Changes in Before Wo:rk 120 Watts 220 Watts 320 Watts 
Exposure (C) . 't I P I 'ti I P I t I P I t I P 
10 and 20 100 0005 NS 0 9' 0.05 NS 1.8 0.05 NS 2.8 0;'05 NS 
10 and 30 003 0.05 NS 002 0005 NS 107 0.05 NS 4.5 0005 S· 
10 and 40 202 0.05 NS 2.3 0005 NS 0.7 0.05 NS 3.3 0.05 S 
20 and 30 0.5 0.05 NS 0.2 0.05 NS 0.9 0.05 NB 2.6 0.05 NB 
20 and 40 9.3 0.01 S 6.4 0.01 B 2.3 0.05 NS 1.0 0.05 NB 
-
30 and 40 3.7 0.05 S 2.7 0.05 NS 2.9 0.05 NS 1.3 0.05 NS 
S:significan~, NS:insignificant. 
r: 1'1 . 
Decrease in Urinary PH 
1 PH Unit/Watt 
Condition (C) Rate : 
10 0.006 
20 0.005 
. 30 0.003 
. 40 0.007 
The general trend of urinary PH in the present study 
was to decrease as the environmental temperature increases but the 
correlation between the two was insignificant (Fig~6.). However, 
during higher work rates (270 and 320 watts), the urinary PH did 
not decrease and was slightly elevated. The significant differences 
in urinary pH are shown in the following table: 
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Table 20 
ahanges in Work 10 a 20 a 30 a 40 a 
Rate (Watts) 't' P , t' P 'U' P , t' P 
Before Work & 120 0.2 0.05 NS 0.1 0.05 NS 0.3 0.05 lW 0.5 0.05 NS 
Before Work & 170 0.7 0.05 NS 0.1 0.05 NS 1.0 0.05 NS 1.3 0.05 NS, 
" Before Work & 220 2.1 0.05 NS 0.1 0.05 NS 2.2 0.05 NS 1.3 0.05 NS 
Before Work & 270 2.0 0.05 NS 7.4 0.01 S 3.9 0.05 S " 1.3 0.05 NS: 
Before Work & 320 3.5 0.05 S 11.110.01 S :3.4 0.05 S 0.9 0.05 NS, 
120 & 170 0.7 0.05 NS 0.1 0.05 NS 0.6 0.05 NS 1.1 0.05 NS 
120 & 220 2.1 0.05 NS 0.2 0.05 NS 1.5 0.05 NS 1.1 0.05 NS 
120 & 270 3.1 0.05 NS 5.8 0.01 S 2.7 0.05 NS 1.1 0.05 NS. 
I 
120 &320 3.3 0.05 S 8.3 0.01 S f2~4 0.05 NS 0.9 0.05 NS 
170 & 220 1.7 0.05 NS 1.2 0.05 NS 1.2 0.05 NS 0.1 0.05 NS 
170 & 270 3.1 0.05 NS 3.0 0.05 NS 2.4 0.05 NS 0.1 0.05 NS 
170 & 320 3.3 0.05 S 3.9 0.05 S 2.3 0.05 NS 1.2 0.05 NS 
, 
220 & 270 1.9 0.05 NS 1.5 0.05 NS 2.7 0.05 NS 0.1 0.05 NS 
220 & 320 2.2 0.05 NS 2.2 0.05 NS 2.4 0.05 NS 1.2 0.05 NS 
270 & 320 0.9 0.05 NS 1.1 0.05 NB 0.9 0.05 NS 1.2 0.05 NS 
The rate of decrease (-) and increase (+) in urinary pH 
due to increased environmental temperature are shown in the following 
table: 
ahanges in Exposed Condition Rate of Increase' 
From To or Decrease (pH unit/a) 
10 a 20 a Before Work: 0 
120 Watts I -0.010 
Table 170 Watts • +0.028 • 220 Watts 
· 
+0.060 21 • 270 Watts +0.040 
320 Watts +0.0,0 . 
30 Before ork: +0.0 0 
120 Watts 
· Q • 
170 Watts • -0.028 • 
220 Watts 
· -0.030 • 270 Watts • -0.010 • 
20 Watts • +0.020 • 
30 a 40a Before Work: 
-0.077 
120 Watts 
-0.073 
170 Watts -0.063 
220 Watts • 
-0.043 • 270 Watts • 
-0.013 • 320 Watts 
-0 11 
From the present study, one can see that the urinary , 
PH decreases regularly to acid levels during exercise. This 
confirms the statement made by Eggleton (1942) and Wilson et al 
(1925) that the traditional effect of exercise on urinary pH is 
a shift toward acidity. The mean urinary pH value differed for 
each rate of work. Kachadorian et al (1970) reported that with 
respect to rest, urinary pH tended to increase toward alkalinity 
during mild exercise and decrease toward acidity during the most 
severe task. The explaination for a decrease in urinary acidity 
could be that of metabolic alkalosis. It is possible that the 
decrease in urinary acidity during mild exercise reflects a 
competitive situation in the tubule cells, whereby K+, rather 
than H+, is preferentially excreted. 
The extent of the pH changes is largely dependant on 
the preexercise level. Under short heavy work, the urine becomes 
more acidic and the mean urinary pH values decreased down to pH 
5.6 ~Poortmans 1977). As was explained earlier, the decrease in 
9 urinary pH has several causes. Decreasing urine flow may act 
partly by concentrating urinary acids. A decreased filtration of 
sodium bicarbonate, consecutive to lowering of both glomerular 
filtration rate and plasma bicarbonate concentration, could be 
another factor explaining the fall in urinary pH. It is clear now 
that both mechanisms of increased sodium and bicarbonate reabsorp-
tion may lead to a pH decrease ~d that increased acid filtration 
and excretion (i.e, lactic acid) may cause a further decrease in 
pH levels following muscular exercise. 
II. SALIV.ART PH 
[H+] in blood is lower than that of saliva and the-
+-
average rH Jof resting total mixed saliva is 20 x 10-8 (pH 6.7) 
while blood is 7.4. When salivary glands are stimulated there is 
more rapid salivary flow, [H+Jin total mixed saliva reduces and 
the pH rises to approach the blood pH value. It has been found 
that the change in total mixed saliva pH after stimUlation mirrors 
similar changes in pH of the constituent secretions and is not 
p1'1111or1ly attributable to the altered proportion of parotid and 
submaxillary secretions in stimulated total saliva. Resting 
parotid saliva PH is relatively low (6.0) while resting sub-
maxillary saliva pH is close to the value for resting total mixed 
saliva • However, when parotid salivary flow is progressively 
. increased reflexly, the pH can increase to as high as 7.8 c 
corresponding to a greater than 50-fold decrease in H+ • When 
intense parasympathomimetic or reflex stimulation is applied to 
submaxillary glands, their saliva pH also elevates to more or 
less this same level. 
No work has been done on the effect of work or heat or 
both on the salivary pH and the present study could be the first 
work. In the present study, there was significant correlation 
between salivary pH and the increased work rate during graded 
work at 100 (50% rh) while during 200, 300 and 400 work the 
correlations were insignificant (Fig.27). There were significant 
negative correlations between salivary pH and the increased 
environmental temperature (20-400 dry bulb, 50% rh) before and 
at all work rates studied (120-320 Watts) (Fig.27). However, 
salivary pH at 100 was lower than at 200. There were insignifi';-
cant differences in salivary pH among different environmental 
temperature (at different work rates) and different work rates 
(at different environmental temperature). 
The significant correlations between salivary and 
urinary pH are shown as follows:-
I. During increasing work rate (4 min, 50% rh):-
(1) At 100: r= -0.95,y=-0.18U+8.12,p=0.001 . 
(2) At 200: r= 0.7 NS 
(3) At ,00: r= -0.6 NS 
(4) At 400: r= -0.3 NS 
II.During increasing environmental temperature (4 min, 
10-400) :-
(1) At Prework: r= 0.5,,' NB 
(2) At 1201.' • r= 0.6 NS • 
(,) At 1701.' • r=.0.9,y=0.49U+4.14,p=0.01 • 
(4) At 2201.' • r= 0.5 NS • 
(5) At 2701.' • r=-0.2 NS • 
(6) At ,201.' r=-0.74,y=-0.71U+1O.78,p=0.05 
50%rh, 
o 
H 
~ 
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There was significant correlation between urine - to-
saliva ratio for pH and the increased work rate during work rate 
during graded work at 100, 200 and 300 dry bulb (50% rh) (Fig.27) 
Thus, urine -to- saliva ratio for pH is related more to increased 
work rate than salivary pH alone while salivary pH is related 
more to increased environmental temperature at differekt work 
rates than urine - to - saliva ratio for pH since there is 
insignificant correlation between urine -to- saliva ratio for pH 
with increased environmental temperature at all work rates studied I 
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URINARY VOLUl'1E 
.. 
" Studies by many investigators have demonstrated that 
exercise reduces both the glomerular filtration rate and the rate 
of urine excretion (Barclay 1947, Eggleton 1942). All investiga-
tors agreed that exercise exerts an antidiuretic effect and urine 
volume almost always decreased during and after exercise, but the 
magnitude, duration, and rate of decrease are not accurately 
predictable (Castenfora 1967 and Wesson 1960). Variations in pre-
exercise degree of dehydration and emotional components irres~': 
pective of the severity of the exercise may be the major cause of 
the unpredictability of urine flow (Wessen 1960). Castenfors (1967 
found a decrease in free-water clearance during heavy exercise, 
while light exercise caused only a .slight and non-significant 
decrease in urine flow and free-water clearance. According to 
Castenfors (1967), during highirates of urine flow, the anti-
I 
diuresis during exercise is due mainly to increased water reabsorp 
tion in distal tubules and collecting ducts. Raisz et al (1959)" ; 
demonstrated that heavy exercise leads to impairment of the concen 
trating ability in normal men. 
The amount of urine excreted is a function of the fil-
tered load and the volumes secreted and reabsorbed,i.e, 
Excretion= Filtration+Secretion-Reabsorption. The antidiuresis 
observed with exercise may result from a diminished filtration or 
secretion, an increased reabsorption, or any combination of these I 
factors. Changes in free-water clearance and urine flow are often I 
used as being indicative of changes in plasma ADH. A decrease in I 
renal tubular water reabsorption is indicative of a decrease in I 
ADH while an antidiuresis as a result of an increased tubular I 
water reabsorption is associated with an increase in ADH. .: 
During short work periods (as in the prese-nt study), the 
loss of water by skin and lungs could not account for the drops iJ 
urine volume. The dilation of the cutaneous vessels and constric-
tion of the splanchnic vessels may, together with other factors, 
cause the drop in urine volume. The diminished urine volume may 
be due to diminished blood flow through the kidneys. Alterations 
in the water distribution between plasma, corpuscles and tissue 
cells due to changes in the osmotic relation may also play a role. 
Muscle contractions caused water to pass from the blood into the 
muscle, resulting in an increased water content of muscle and a 
I ' 
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more concentrated blood. 
In the present study, there was a highly significant 
negative correlation between urine volume and the increase in 
work rate (Fig281 ). The 10 C dry bulb graph reflects the effect 
of cold,diuresis and one can see that the effect of cold diuresis 
.is reduced by the increase in the work rate. Urine volume reduced 
from 12 ml (before work) to 4 ml and 1.5 ml during high,work rate 
(320 watts) at 20 C and 10 C dry bulb conditions, respectively, 
while it reduced from 6.5 to 2.5 ml and 1.0 ml during work at 30 ( 
and 40 C dry bulb, respectively. The significant differences and 
the rate of decrease in urinary vol~due to increased work load 
are shown in the following table: 
Table 22 
Conditions 120 Watts 220 Watts 320 Watts Rate of Decrease ( 0 ) 
It' p 't' P It' P Condition ml/watt 
10 and 20 0.4 0.05 NS 0.5 0.05 NS 2.5 0.05 NS 10 C 0.019 
10 and 30 1.7 0.05 NS 2.6 0.05 NS 7.2 0.01 S 20 C 0.025 
10 and 40 2.0 0.05 NS 5.2 0.02 S 16.50.001 S 30 C 0.030 
20 and 30 1.9 0.05 NS 1.9 0.05 NS 5.3 0.05 S 400 0.020 
20 and 40 2.1 0.05 NS 3.1 0.05 NB 6.7 0.0, S 
30 and 40 0.6 0.05 NS 3.1 0.053NS 3.2 0.05 S 
-
Thus, as the body gets hotter due to exercise and heat exposure, 
the urinary volume becomes lower and the significant difference 
in urine volume occured mainly at 320 watts 
There was a significant negative correlation between 
urinary volume and the increase in environmental temperature 
(Fig.29). The significant differences and the rate of decrease in 
urine volume due to increase in environmental temperature are 
shown in the following tableS :_ 
I 
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-'1'",' ,~ .. ?'i. 120 
Work Rate 10 C 20 C 30 C 400 (Watts) 
, t', p 't' P 't' P ~t' P 
120 and 170 0 •. 2 0.05 NS 0.6 0.05. NS 0.8 0.05 NS 4.8 0.02 S 
120 and 220 0.9 0.05 NS 0.8 0.05 NS 0.8 0.05 NS 19.10.001 S 
120 and 270 1.9 0.05 NS 1.8 0.05' NS 4.5 0.02 S 12.1,Q.01 S 
120 and 320 2.2 0.05 NS 1.2 0.05 NS 5.7 0.02 S 29.40.0018 
170 and 220 0.9 0.05 NS 0.5 0.05 NS 1.1 0.05 NS 1.2 0.05 NS 
170 and 270 1.4 0.05 NS 2.7 0.05 NS 2.5 0.05 NS 7.1 0.01 S 
170 and 320 1.7 0.05 NS 1.1 0.05' NS 3.1 0.05 NS 12.90.001 S 
220 and 270 2.1 0.05 NS 1.30.05. HS 4.2 0.05 S 4.5 0.02 S 
220 and 320 3.3 0.05 S 0.4 0.05 NS 5.6 0.02 S 7.7 0.01 S 
270 and 320 1.0 0.05 NS 1.3 0.05 NS 2.0 0.05 NS 2.3 0.05 N3 
CONDITIONS (C) Rate ot ~:~/C)se in Ur1D.arY·-Volume 
From To 
10 20 120 Watts: 0.095 
1,7Q Watts: 0.005/ Table 2 220 Watts: 0.066 4 
270 Watts: 0.038 
320 Watts: 0.215 
20 30 120 Watts: -0.395 
170 Watts: -0.155 
220 Watts: -0.256 
270 Watts: -0.268 
320 Watts: -0.475 
30 40 120 Watts: -0.032 . 
170 WUts: -0.263 
220 Watts: -0.153 
270 Watts: -0.119 
320 Watt!: -0.099 
- -
-
• Taking into con1}-der ation these contli"ting etfects: on changes in 
urinary clearance it is interesting to notetha~ change8 in both 
work rate and ambient temperature produoo a simple summation 
effect on urinary clearances. The significant dd1fferences occured 
mainly during 30 C and 40 C dry bulb.'Rhe summation effect of both 
i~creased work rate and increased environmental temperature on 
• .-1 -1 i 
urinary volume are 0.106, 0.338, and 0.158 ml.w .C dur ng 
changes in exposure condition from 10-20,20-30, and 30-40C, 
repectively. 
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There was significant negative correlation between 
~rinary volume and work rate during 20 min work at 30 C and 
different relative humidi ties especially at 50% RH (Fig.30') and. 
there were significant differences in urinary volume be'Cween~':50% 
rh and both 60% and 85% rh conditions before work and during low 
work rate. At medium work rate, there was insignificant correla-
tion between 50%, 60% and 85% rh. There were insignificant 
differences in urinary volume between 60% and 85% rh before work 
and at low work rate. 
Exercise-induced increase of circulatory epinephrine 
augments the action of renal nerves which cause intensive renal 
vessel constriction with associated decrease in blood flow and 
heavy work loads caused a pronounced decrease of renal plasma 
flow. Thus, renal blood flow is related to work intensity. Renal 
blood flow also decreased progressively in people doing constant 
work for longer time. In fact, prolongation of the light work 
rate to 90 min caused no further decrease in renal blood flow 
(Castenfors 1967). The measurements in severe exercise can', 
indicate only the order of magnitude of the hemodynamic changes 
since clearance methods are unreliable during or immediately 
following rapid changes in renal function. The decrease in renal 
blood flow during work is because blood divertsito working muscles 
The diversion is from 1200 m1/min at rest to 250 m1/min during 
maximum work (Andersen 1968). In fact, according to Andersen , th 
the decrease in renal blood flow is not necessarily responsible 
for the decrease in urin~~?lume during work reported in the 
present study, since the volume and composition of the urine 
appear independent of the blood flow. Thus, the decrease in renal 
blood flow is a physiological adjustment involving a redistribu-
tion of blood flow from less active tissue to that metabolic ally 
more active. The reduction in urinary volume during exercise 
could be due to a reduction in glomerular filtration rate and 
sodium reabsorption. 
Glomerular filtration rate of normal young men is given 
as 125:.Ill:.,min:-1 1.7, m-a surface area. It varies with body size 
and age (reduced in the aged) but it said to be remarkably cons-
tant in a given individual. It decreases relatively less than 
renal plasma flow during exercise. In the upright position, the 
creatinine clearance is unchanged during light or moderate work 
and reduced during heavy exercise ( White and Ro1f 1948). It is 
- -.' 
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the same in the supine position with no significant changes 
during light work rate (Grimby 1965) and moderate decrease in 
inulin or creatinine clearance during a heavy load. A 30% decrease 
in glomerular filtration rate can be obtained during moderate and, 
heavy work in men. There is a 'significant decrease in inulin 
clearance during exercise lasting 60 min and heavy exercise caused 
no further decrease in glomerular filtration rate and the latter 
correlated quite well with heart rate (Castenfors 1967). Prolonga-
tion of lIXercise to 90 min caused no further decrease and short 
sever exercise (12 min) did not decrease the inulin clearance. 
Variations in the degree of hydration has an important influence 
on glomerular filtration rate during muscular activity and may 
partly explain absence of GFR decrease observed by some authers. 
In the present study, there was ,:::",significant correla .... ' 
tiombetween urinary volume and the increase in exposure time 
d~ing work at 170 watts at 20 C dry bulb (50% rh) antt ,;,there was 
a significant negative correlation during work at 30 C and 40 C 
(Fig. 31 ). There was a significant difference in urinary volume 
between 30 C and 40 C dry bulb before work, during work and at 
the end of 60 min work period. There was a significant differences 
in urinary volume between 20 C and 30 C dry bulb before work and 
during work until 40 min after which it becomes insignificant~ 
There were a significant differences in urine volume between 20 C 
and 40 C dry bulb after 40 minof work which stays the same until 
the end of 60 min work. There was a significant negative correla-
tion betwee~,urinary volume and the increase in environmental 
temperature (Fig.3~) before work and at the end of the work. 
There are significant differences in urinary volume between 
'before work' and 'end' of work at all temperatures studied (1~Ct 
20 et 30 e, and 40 C). The rate of decrease in urinary volume due 
to increase in exposure working time (ml/min) are shown in the 
following table: 
Time (Minutes) 20 e 30 e 40 e, 
From 20 'l!o 40 -0.105 0.075 -0.320 Table 25 
From 40 To 60 -0.075 -0 .. 600 --0.215 
Gain ef water induces water diuresis and loss of water' 
induces antidiuresis. The volume of extracellular fluid is regula-
• ~ 
Fig. 31 
BASED ON 60 MlNUT:ES WORK, 170 WATTS (CORRECTED NETT) 
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ted by control of the excretion of both sodium and water, 
through osmoreceptors located withim the zones of distribution 
""II<.Ii' of the internal carotid arteries. Verney (1958; has shown that 
only a 2% increase of osmotic pressure of carotid blood inhibits 
liO« 
water diuresis in dogs. Raisz et al (1959) and Kozlowski et al 
(1967~""~stablished that during exercise, the blood osmotic pret- '.~ 
ssure rises from 2 to 4 %. This change in osmotic pressure may 
stimulate the osmo~ceptors and enhance the release of Allffi in the 
blood (Poortmans 1964t. Kozlowski et al (19671 found that in 
healthy untrained subjects, moderate exercise does not affect tha 
level of ADH activity in blood but heavy exercise caused a rise 
in plasma ADH activity amounting up to a three-fold increase in 
the resting value •. A decrease of water diuresis to as much as 
75% of the level at rest was also observed. Water diuresis is 
also controlled by aldosteron.The level of aldosteron in blood is 
increased during muscular activity and the rise in plasma aldos-
teron activity seems to be related to the intensity of work load" 
and the duration of the exercise (Maher et al 1975). Since there 
is an inverse relationship between the urinary output and the 
plasma aldosterone activity, therefore aldosterone secretion 
helps to retain water and sodium content .and!it'is more graphic 
when one recalls that 190 moles of water accompany each mole of 
Ns+ .01- reabsorbed by the'tubules. 
Renin, through angiotensin 11, affects the activity of 
nearly all smooth muscles. Angiotensin is a powerful constrictor 
of renal vasoulature and a factor which reduces the glomerular 
filtration rate. The rise in plasma aldosterone is due to , 
increased plasma renin activity and ACTH during prolonged heavy 
exercise (Poortmans 19641. Plasma renin activity is elevated 
following heavy physical exercise (Castenfors 1967) and the 
magnitude of the renin response is related to the intensity of 
exercise, it occurs rapidly and is short-lived (30 min) after 
the completion of exhaustive exercise (Maher et al 1975). Fig.33 
illust:j:'ates the factors behind the reduction of urinary volume 
during during work and heat. 
( \ j"Refered to by Poortmans 1977\ 
.... Refered to by Castenfors I 
, 1977 
i, ..... Refered to by Wade 1979 
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CHAPTER 10 
RESULTS AND DISCUSSION OF 
URINARY CHLORIDE AND CREATININE EXCRETION 
------------------------------------
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A. URINARY CHLoRIDE EXCRETION 
Urinary chloride excretion follows the urinary sodium 
excretion in responding to physical work. As far as the response 
to heat, the experiments show that occasfnal exposure to heat of 
unacclimatized subjects with its consequent loss of chloride in 
the sweat, brings about a compensatory reduction of urinary 
chloride (Weiner and Hegningen 1952t. The urinary chloride, the 
concentration of which is high at rest in athletes, falls 
markedly (down to 50% of resting level) under the influence of 
exercise (Refsum and Str~mme 1975, Wesson 1960). Eggleton (1943) 
indicated that there is no evident correlation between urine flow 
and excretion of chloride. The level of urinary chloride during 
prolonged physical activity varies with circadian rythmes, 
general posture and on sweat secretion ( Vag'nucci et al 1969) • 
. Thus, the effect of exercise and heat is to cause specific 
chloride retention. However, little work has been done on the 
combined effect of heat and exercise on urinary chloride excretion 
In the present study, there was a highly significant 
negative correlation between urinary chloride excretion and the 
increase in work rate in subjects working at 10C, 20C, 30C and 
400 dry bulb (50% rh) (Fig.1*). The rates of decrease in urinary 
chloride excretion were respectively:- 0.007, 0.006, 0.006 and 
0.005 mmol. W~1 There were significant differences in urinary 
chloride excretion between 10C and both 300 and 400 conditions 
before and during work. At higher work rate, the differences: 
became less significant. There were significant differences in 
urinary chloride excretion at 200 and both 300 and 400 before and 
during work. However, there was insignificant difference in 
urinary chloride excretion between 10C and 20C, also between 30C 
and 400 before and during work. Thus, as the work rate increases, 
urinary chloride excretion decreases which is an indication of 
chloride retention by the kidneys leading to a rise in plasma 
chloride. This confirms findings of Refsum and 8tromme 1975. 
Infact, much of the diminution is linked to the loss of chloride 
in sweat. 
There was significant negative correlation between 
urinary chloride excretion and the increase in environmental 
temperature in subjects working at different work rates (Fig.,S). 
( , 
I *Refered to by Wade 1979 
Fig. 34 
130 
BASED ON 4 I'1IN WORK AND 50% rh 
300 URINARY C1- (mmo1!L) 
::z..oo 
/00 
2:0 
/'0 
o 
r-~:::5:::---=~,-------__ 4OC: NS sa-O. O,W+233. 8 
lOc y-0.22W+231 .8,pO. 
/Oc. .y-0.44W+253, pO.05 
30c.,Y-0. 67W+295, pO. 001 
!:-' -~' ::-----:-!'~---:±' ::----:::'~-_____:d' WORK RATE WATTS 
o 12IJ 170 m '-70 ~ (CORRECTED NETT) 
URINARY C1- (mmo1) 
·y-0.006W+2.46,pO.01 
10e " y-0.007W+2.3,pO.01 
3oc. _ .r-0.006W+1.79,pO.0 
4oc. 1",' .!y-0.005W+1 .46,pO.0 
Fig. 35 
BASED ON 4 MIN WORK AND 50% rh 
2.S( URINARY 01- (mmo1/L) /2.Dw . yO.49T+223.2,pO.02 
73. 51T+94.8,pO.001 
L_--------/r-::: 220',1: NS ,y-O. 3T+207. 04 170v./ yO.96T+172.4,pO.01 
270W:NS,y=0.9T+161.1 
I 
131 I 
, 
/30 L' ----=':':------;f.':-------tl ENVIRONMENTAL TEMPERATURE (0) 
10 lO 30 40 
3 URINARY 01- (mmo1) 
2. 
I 
o 
·y-O. 06T+3. 5 ,pO. 02 
. .:.y-o. 0 3T+2. 3 ,po. 001 
·y-0.03T+1 .9,pO.02 
y-0.04T+1.93,pO.05 
'320w. ly-0.04T+1.89,pO.05 
132 
The significant differences in urinary chloride excretion are 
given in the following table and were consistent at all tempera-
tures studied: 
WATTS 120 170 220 270 320 
120 S S S S 
170 S S S S Table 26 
220 S S NS NS 
270 S S NB NS 
320 S S NS NS 
Thus, the increase in environmental temperature reduces the 
urinary excretion as an indication of chloride retention in 
working subjects and heat and work have an accumulative effect on 
chloride excretion which is less significant at higher work rates. 
There was significant difference in urinary chloride 
excretion between 50% and 60% rh as well as between 50% and 85% 
rh. for subjects working (graded work) at 300 for 20 min (Fig.3b). 
At higher work rates, the differences became insignificant. There 
was significant negative correlation between urinary chloride :,-:.:S'( 
excretion between urinary chloride excretion and the increase in 
relative humidity (Fig.37) above 50% rh. In general, the increase 
in relative humidity reduces the urinary chloride excretion due 
to increased chloride retention but as can be seen from the 
following table this is less significant at higher work rates:-
WATTS BEFORE WORK 120 
120 NS 
145 S S 
170 S S 
145 170 
s s 
s 
S 
Table 27 
There was significant negative correlation between 
chloride excretion by the kidneys and the increase in exposure 
time for subjects working at 300 and 400 (50% rh) for 60 min at 
170 1,01 (Fig~V. There was insignificant correlation for subjects 
working at 200 and there was significant differences in urinary 
chloride excretion between 200, 300 and 400 dry bulb before work. 
The differences between 300 and 400 became more significant 
especially at the and of work. 
-, 
.. 
BASED ON 20 MIN WORK AND 300 DRY BULB 
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The total chloride excreted during different exposures 
(mmol) is shown in the following table :-
During Graded Work 
100: 6.45 
200: 7.85 
(4 min for each work rate, 
300: 4.36 
400: 3.61 
50% rh ): . 
During Graded Work (20 min for each work rate, 300): 
50% rh: 47.85 60% rh: 30.23 85% rh: 32.97 
During 60 min constant work (50% rh, 170W): 
200: 6.18 300: 10.87 400: 6.50 
Urinary chloride level did not return to prework level during 
20 min graded work. During 60 min work, urinary chloride level 
returned to prework level at 300 and 400 conditions. 
From what we have found, one can conclude that in 
higher temperature conditions much of the decreased urinary 
chloride excretion could be due to sweat losses. No significant 
differences were found between 10-200 and 30-400, but there 
were significant differences between 10 and 400. Probably~higher 
ambient conditions of 30-400, chloride is depressed in urine 
due to alternative losses in the sweat. The effect of work rate 
and environmental temperature on urinary chloride excretion are 
additive such that the effect of increasing work rate, increasing 
temperature, increasing relative humidity and increasing exposure 
time collectively cause selective depression of urinary chloride. 
Shifts in plasma chloride due to increased movement of chloride 
into exercised muscle will exaggerate this effect. 
B. URINARY CREATININE EXORETION 
The daily output of creatinine in the urine is 
relatively constant, amQunting to 1.5-2.0 g. for men and 0.2-1.5 
gram' for women. Unlike the excretion of urea, which is derived 
largely from exogenous sources, the creatinine output is . -
practically independent of the protein level of the food. Thus, 
creatinine excretion may be used as an index of the magnitude 
{L. 
of the metabolism of the tisses and especially of muscle, its 
production depends primarily on the active mass of protoplasmic 
tissue. Fat men generally show a lower creatinine output than 
lean men of like body weight. The urinary creatinine is said to 
be increased in conditions associated with tissue catabolism, 
such as fever and it is'decreased in disorders associated with 
1,38 
muscular atrophy and muscular weakness. The increase in serum 
creatinine concentration is due to increase in production and 
a lesser than propo~tiona1 increase or even decrease in urinary 
M SIr.",,,,,, 
excretion (Refsum 1974). The fall in creatinine excretion 
indicates an appreciable decrease in filtration rate. However, 
these changes which are associated with changes in sustained 
levels of physical activity tend to be masked by the much greater 
effect on creatinine excretion rates due to changes in glomerular 
filtration rate. This can result in conf1iding results and in 
these experiments indicates that creatinine is reflecting a 
considerable reduction in kidney filtration rate due to the 
environmental conditions. 
In the present study, there. was a highly significant 
negative correlation between urinary creatinine excretion and 
the increase in the work rate during 4 min work at different 
temperatures.(Fig.40). The rate of decrease in urinary creatinine 
excretion were 0.0001, 0.0004, 0.0003, and 0.0003 mmo1.~~ 
during work at 10C, 20C, 30C, and 4OC, respectively. There were 
insignificant differences in urinary creatinine excretion among 
different conditions. When creatinine is calculated per sample 
one can see that as the work rate increases, the creatinine 
appear to decrease due to reduction in urinary volume usually 
associated with exercise. However, when calculated as total·. 
creatinine excreted, the creatinine concentration increased 
significantly with work rate at 10C and 40C dry bulb (50% rh). 
(The correlation was negative when expressed as total mmo1 per 
sample and was significant at all temperatures studied) (Fig.qO). 
The rate of increase in urinary creatinine excretion due to 
increasing work rate and the total creatinine excreted are shown 
in the following tab1e:-
Temperature (C) Rate of ( ~ -1) increase mmo1.L.W Tota1(mmo1) 
10 0.054 0.419 
20 0.050 0.507 
Table 30 0.143 0.461 
28 40 0.110 0.381 
There was significant difference in urinary creatinine excretion 
between 10 and 400 especially at higher work rate. 
There was significant correlation between urinary 
0. 
Q. 
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creatinine concentration and the increase in environmental 
temperature (Fig.4,.). There were significant differences in 
urinary creatinine excretion between 320'W and other work rates 
also between 270 'Wand other work rates especially at 40 ° dry 
bulb (50% rh). The rate of increase in urinary creatinine . 
excretion due to increase in environmental temperature (mmol.L-:!C~ 
were 0.04, 1.05.andO.61 during changes in exposure between 10-20C 
20-300, and 30-400, respectively. Thus, the rate of increase is 
higher at changes from 20-300 conditions compared to the other 
conditions, i.e. 10-20C and 30-400. It appears that the effect 
of both increased work rate and increased environmental tempera-
ture on urinary creatinine excretion are additive and the 
summation effect of both factors are 0'0'50, 1.54 and 1.03 
L- 1 u-1 0-1 . mmol. .w •• dur1ng changes in exposure from 10-200,20-300 
and 30-40C, respectively. 
There was significant correlation between urinary 
creatinine excretion and the increase in exposure time during 
60 min work at 170 'Watts and 40C (50% rh) (Fig.4l-A). The 
correlation was negative when the results were expressed as total 
mmol per sample (Fig.~2-B). The rate of increase in urinary 
-1 -1 
creatinine due to increase in exposure time was 0.385 mmol.L • min. 
and the total creatinine excreted during the 60 min work period 
were 0.568, 1.163 and 0.619 mmol during work at 200, 300 and 400, 
respectively. The urinary creatinine level returned to prework 
level after 20 min recovery when the work had been performed at 
200 and 300 but at 40C the level remained high beyond 20 min 
recovery time. 
There were significant correlations between urinary 
creatinine excretion and the increased environmental temperature 
during 60 min work at 170 Watts at 50% rh at prework and at 40 
min work only (Fig.42-0). This confirms the earlier findings 
shown in Fig. 2. The unfortunate point in this work was the 
impracticability of making creatinine estimations on the salivary 
samples obtained in the study. The amounts were too small to 
allow confidence that the method would give as good results as 
in other estimations such as urea and cations. Thus, the original 
hope that urinary and salivary creatinine values might show 
useful correlations with environmental conditions was abandoned. 
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URINARY AND SALIVARY URU 
Urea excretion is increased whenever protein catabolism 
is increased. There is also 'a decrease in urine urea in acidosis 
since some of the nitrogen which would have been converted to 
urea is divereted to ammonia formation. Prolonged heavy exercise 
leads to marked increase in serum urea and creatinine concent-
rations (Refsum et al 1973). The increase in serum urea concent-
ration is mainly due to reduced urinary excretion and is only to 
a minor degree caused by increased urea production, wherease the 
increase in serum creatinine concentration is due to increase 
in production and a lesser than proportional increase or even 
decrease in urinary excretion (Refsum and Stromme 1,974). 
Determination of the level of urea in saliva can, to some extent, 
replace blood urea estimation, whenever blood sample is difficult 
to obtain (AL-Fatthi et al 1978). Urea excretion regularly, 
decreased during and immediately following moderately sever to 
sever exercise9 When plasma urea is constant, as during the short 
periods of exercise and an hour postexercise recovery period, 
urea excretion varies direotly but in a complex way with both 
GFR and urine flow (Wesson 1954). The smaller the, urine flow 
(greater urinary urea concentration), the greater the losses of 
filtered urea back into the blood stream. Several authors have 
reported decrease in urea or total nitrogen excretion during and 
immediately after exercise in normal individuals (Duncan 1955~ 
Freeman 1955). In study of the football players Edwards (1937)* 
indicated that decreased value for urea are roughly inversily 
proportional to the playing time. This was attributed to the 
demands of heavily working muscles and possible dehydration of 
blood by sweating. 
The clearance of urea is independent of its plasma 
concentration and depends upon the rate of urine flow. This 
relationship results from the fact that urea moves passively 
within the mammalian kidney (Hountcastle 19~q). Since the 
concentration gradient of urea necessary for passive back 
diffusion depends upon the amount of water reabsorbed, as the 
latter is decreased so is the intratubular concentration of urea 
and therefore its excretion increases. When the flow rate 
increases, the time necessary to established a diffusion 
equilibrium at any part in the nephrone is decreased. At low rates 
c ,';Refered to by Poortmans 19771 
I. 
·Refered to by Schneyer'1967 i 
i 
• •••• _ ••••••••• nn ... __ ._ ....... 
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of flow, both .these factors are especially important. Thus, when 
urine flow is less than 2 ml/min, excretion of urea rises very 
sharply as flow is increased. Above urine flow of 2 ml, while 
urea excretion continues to increase with flow, it does so much 
more gradually (Mountcastle 197'f). 
The relation of salivary concentration of urea to 
salivary flow is U-shap (Burgen/96/), the permeability_of the 
salivary gland to urea increases progressively with increasing 
rate of nerve stimulation and the permeability of the outer face 
of the acinar cells for urea is not significantly affected by 
stimulation. The permeability of the inner face of the acinar 
cells does not change very much with the rate of stimulation but 
there is a considerable increase in the permeability of the ducts 
proportional to the rate of secretion (Burgen;Q6 1). In fact, only 
about 1/, of the urea in the saliva seems to be derived from urea 
secreted by the acinirand 2/, is contributed by diffusion directly 
from the blood into the salivary ducts (Burgen/q" ). 
Salivary glands are appearently quite permeable to • I 
molecules of urea, amino acids and uric acid. Urea secretion has 
been studied in many species. It has been found that concentration 
generally diminished as flow rate increases but that average 
serum-to-saliva concentration ratios on the order of 0.6 have 
been reported in human parotid saliva (ShannonJq7~) and that the 
salivary level is markedly elevated in conditions of uremia 
(Habib et al 1963)~ 
No work has been done on the effect of work or heat or 
both on the salivary urea secretion and the present study could 
be the first. In the present study, thre wers significant negative 
correlations between urinary urea excretion (expressed as total 
correctedmmol) and the increase in exposure time in subjects 
working at 170 Watts for 60 min at 400 dry bulb (50% rh) (Fig.q3) 
There was an insignificant correlation at 20 and 300. There was 
/ Significant difference in urinary urea excretion between 300 and 
400 • Thus, prolonged work at 400 reduces the urinary urea 
excretion. Salivary urea secretion, on the other hand, increases 
as the exposure time increases. There were significant correlation 
between salivary urea secretion and the increased exposure time 
during work at 170 Watts for 60 min at 200 and 400. However, there 
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BASED ON 60 min WORK, 170 \olATTS AND 50% RH 
Fig. 43 
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was insignificant correlation between urine-to-saliva ratio for 
urea and the increasing exposure time at the conditions studied, 
suggesting that saliva reflects the changes in plqsma rather than 
urinary urea levels and thus the compensating mechanisms of 
glomerular filtration rate. 
The rate of decrease in urinary urea due to increased 
exposur,e time at 400 was 0.068 mmol. min-1 and the total urea 
excreted by kidneys during 60 min work were 17.9, 20.5 and 9.5 
mmol during work at 200, 300 and 400 dry bulb, respectively. The 
rate of increase in salivary urea due to increased exposure time 
6 1 L-1-1 were 0.0 and O. 5.mmol •• min during work at 200 and 400, 
respectively. 
There was significant correlation between salivary urea 
and the increased environmental temperature during 60 min work at 
170 watts at 40 min of work while there was significant negative. 
correlation between urine-to-saliva ratio for urea and the .1 
increase in environmental temperature at the end of work (Fig.44.). 
. 1 1 The rate ot increase in salivary urea was 0.07 and 0.26 mmol.L~ 0 
during changes in conditions from 20-300 and 30-400, repectively. 
Thus, it appears that the effect of increasing exposure time and 
increasing environmental temperature on salivary urea are additive 
and the summation effect of both factors on salivary urea are 
0.13 and 0.41 mmol.L~1min~10-1 during work at 200 and 400 dry bulb 
(50% rh), respectively. 
From the results, one can see that the increase in 
salivary urea secretion equilbrates with the decrease in urinary 
urea excretion for 60 min work period. The decrease in urinary 
urea could be interpreted as indicating that something happens to 
the walls of the tubules which increases their permeability to 
urea and the sweat could compensate to a considerable extent for 
the decrease in urea excretion. Since this confirms the results 
om urinary creatinine the mechanism must reflect glomerular 
function. Also, as the environmental temperature increases, 
salivary urea secretion increases relative to urinary urea 
excretion. 
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. The correlations between urinary and salivary urea 
during 60 min work at 170 watts (50% rh) are as follows: 
A. During increasing exposure time: . 
B. During 
(1) At 20C: r=0.91,y=0.05U+1 .. 29,p=0.05 
(2) At ~OC: r~S 
(~) At. 4OC: r=NS 
increasing environmental temperature: 
(1) At prework: r"NS 
(2) Aii 20 min • r.0.99,y=0.01U+~ .. 78,p.0.001 • 
(~) At 40 min • r-o.99,y,,0.009U+5.0,p=0.001 • 
(4) At 60 min r .. NS 
,-----------_ .. _----------------------
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Normally 160 L of water are filtered through the 
glomeruli of normal man each day and this contains approximately 
300 mosm of solute/L which consists largely of sodium, chloride 
and bicarbonate ions. Sodium is actively extruded into the 
interstitium as the filtrate flows along the kidney tubules ahd 
chloride follows sodium passively while water is reabsorbed by 
osmosis. Thus, the process called ' countercurrent multiplication 
of concentration ' has established an osmolar gradient from the 
outer medulla to the papilla in order to develop 1200 mosm/L in 
the final urine. 
Sodium ions are always present in the urine. The amount 
of sodium excreted in 24 h by an adult is 3-5 g. The absolute 
quantity of sodium excreted depends upon dietary intake, condition 
of the body ( normal or under stress) and health. For example in 
Addison's disease, there is a marked increased excretion of 
sodium. Sodium is essential to the proper functioning of mammalian 
tissue, for sodium depletion leads to serious symptoms and 
impairment; sodium is concerned with the maintenance of body flUid 
pH and is a primary determinant of body fluid osmolarity; it is 
thus involved in the regulation of body fluid volume. The energy 
for impulse transmission in nerves and action potential are 
derived from the potential energy represented by the separation 
+ + -of' Na and K across the cell wall. In heart muscle, the duration, 
height, and propagation of the action potential related to sodium 
concentration. In fact, many enzyme systems function only in an 
optimum sodium environment, so when sodium concentration is raised 
much above the usual intracellular level, a number of enzyme 
systems are inhibited. Normal intracellular environment which 
includes a low sodium concentration is as important for the 
activity of cell enzymes as is the maintenance of a normal 
extracellular ionic environment for the activity of the cell as 
a whole. Although for the most part sodium exists in solution in 
the body fluid, some also exists bound to chondroitin sulfate, 
brain lipids, adenosine triphosphate, DNA, etc. 
------ ---------
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Physical exercise induces a significant decrease in 
the urinary excretion of several electrolytes, .especially sodium, 
- 6! S1-rQ""'" whereas~potassium excretion increases (Refsum ·1975). In the 
present study, there was a highly significant negative correla .... , 
tion between urinary sodium excretion and the increase in work 
rate (short duration -4 min-) (Fig.45and46). Urinary sodium 
excretion (expressed as total mmol per sample) dropped from 
11.424, 1,.745 9 1;.000 and 0.839 mmol before work to 0.547, 0.646, 
0.124 and 0.118 at higher work rate (320 watts) ,during work at 
100, 200, 300, and 400 dry bulb (5~~ rh), respectively. The rate 
of decrease in urinary sodium excretion due to increase in work 
rate was 0.006, 0.007, 0.004 and 0.004 mmol.V-1 during work at 
100, 200, 300 and 400 dry bulb, respectively. The total amount 
of sodium excreted during the graded work w.ere 4 0 664, 5.328, 
2.586 and 2.103 mmol during work at 100, 200, 300 and 400 dry 
bulb, respectively. There were inSignificant differences in 
urinary sodium excretion for conditions of:- 100, 200, 300 and 
400 dry bulb at higher work rate while before work and at low 
and medium work rates, there were significant differences between 
100-400, 20-400'1 l1Iid::20-300 .. 
There were insignificant differences in urinary sodium 
excretion among , 50%, 60% and 85% rh before work and during low 
work rate (20 min duration) (Figs. 51 and52 J. There was 
significant negative correlation between urinary sodium excretion 
and relative humidity during work at 170 watts (At 120 watts, 
the correlation was positive) (Fig.53). Thus, as the work rate 
and relative humidity increases, the body tends to conserve 
sodium by increasing the rate of sodium reabsorption and decreas 
decreasing sodium concentration in sweat. Total sodium excreted 
were 18.76, 12.15, and 12.80 mmol during 50%, 60% and 85% rh, 
respectively. At the end of 20 min reebveryperiod, urinary 
sodium excretion returned to near prework level during -:145 watts 
at 50% rh and both 145 and 170 watts at 60% rh, while at 85% rh 
condition, it did not return to prework level.';t 
There was significant correlation between urinary 
sodium excretion and urinary volume (Figs. 47, and48) indicating 
-that the urinary sodium concentration decreases progressively 
with decreasing urine volume. 
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The decrease in urinary sodium excretion during heavy 
exercise of short duration occurs within 15 min. This is infact 
related to an increase in tubular reabsorption, as the tubular· 
rejection fraction is significantly decreased (Castenfors 1977). 
The slowly acting aldosterone mechanism cannot be responsible 
for the sodium retention but during prolonged heavy exercise, 
there was a similar decrease in the tubular rejection fraction 
and this increased tubular reabsorption of sodium is probably 
due in part to an increased aldosterone secretion, as an 
increased plasma renin activity was demonstrated at the end of 
exercise (Castenfors 1;977). Bass (1963) reviewed data demon .... · 
strating the role of sodium conservation in heat acclimatization 
. which was later shown to be due to alterations in plasma renin 
activity and aldosterone levels. During a ski race an increase 
in both plasma renin activity and aldosterone concentration has 
been reported by Castenfors 1977. Thus, the increase in sodium . 
reabsorption may contribute to the antidiuresis and this may be 
due to an elevated aldosterone. In reviewing the literature, one 
can observe that a change in sodium reabsorption was not always 
present during a reduction in' urine flow. In fact, changes in 
aldosterone secretion appear to be slower than those in ADH. . .'. '.~ 
output and rapid fluctuations in sodium excretion can not be 
attributed to variation in hormonal control of tubular reabsorp-
tion. A small change in the amount filtered, by changes either 
in filteration rate or in plasma.sodium concentration, can 
produce a relatively large changei':in its excretion rate in ap 
appropriate circumstances, by increasing or decreasing the 
amount reaching the distal tubules, and this is probably the 
main factor. Experimently, a short-term depression in sodium 
excretion can be induced with filtration rate unaltered. This 
occurs under conditions of incre~sed sympathetic tone (Starling 
1962) .• 
There was a highly significant correlation (negative) 
between urinsry sodium excretion and increased environmental 
temperature (short work rate-~ min-) (Figs.~9 and5C) which 
indicates that as ~he environmental temperature increased, the 
body attempted to conserve sodium. Exposure to heat, exercise, 
and/or dehydration are responsible for increased aldosterone 
production and renal sodium reabsorp~ion resulted from arterial 
. ---'-' 
, 
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~yPovolemia and relative renal ischemia (Oostil11975). However, 
at different work rates, urinary sodium excretion at 100 (50% rh) 
was. usually lower than at 200 dry bulb (50% rh). Thersignificant 
differences in urinary sodium excretion are shown in the following 
table:-
WATTS 
120 
170 
120 
S 
S 
170 220 270 320 
"s S S S 
~ "S S S 
S NS NS 
S: Significant 
NS: Insignificant Table 220 
29 270 
320 
S 
S 
S NS 
NS 
< - NS 
.' . At 300 and 400 only • NS S 
". At 200 only • 
The'rate of decrease in urinary sodium excretion due to the 
increase in environmental temperature (mmol.0-1) is shown in the 
following table: 
WORK RATE ~WATTS2 From 200 To 200 From 200 To 400 
120 0.073 0.018 
170 0.067 0.022 
Table 220 0.036 0.007 
30 270 0.047 0.001 
320 0.052 0.001 
From the above table, one can see that the rate of decrease in 
urinary sodium excretion decreases as the work rate increases 
and this rate between 200-300 is more than that between 30-400 
conditions. It appears that at 220 watts, urinary sodium 
excretion is optimum. 
From what we have found, one can calculate the summation 
effect of work and heat on urinary sodium excretion which is 
shown in the following table (mmol.W-\0-1):-
WORK RATE (WATTS) From 200 To 200 From 200 To 400 
120 0.079 0.023 
;rable 170 0.079 0.026 
31 220 0.042 0.019 
270 0.048 0.002 
320 0.053 0.002 
There was a significant negative correlation .between 
urinary sodium excretion and the increase in exposure time dUring 
---------- - -- --------------------
constant work rate of 170 watts for 60 min at 30C and 40C dry 
bulb (Fig. 16). Urinary sodium excretion (mmol/L) incre,ased 
significantly only during' the first 20 min due to increased 
exposure time and environmental temperature (Fig.55~). Thus" 
long exposure to work and heat increases urinary sodium excretion 
during the first 20 min and after that the changes in urinary 
sodium excretion during the first 20 min and after that the 
changes in urinary sodium excretion become insignificant while, 
as we have seen, during short exposure to work and heat, the 
increase in environmental temperature reduces urinary sodium 
excretion suggesting a transient response. The rate of decrease 
in urinary sodium excretion (mmol.L-1.min-1) due to increase in 
exposure time is shown in the following table:-
CONDITION C) 
20 
30 
40 
40 min WORK 
O.O~O 
0.04-8 
0.059 
60 min WORK 
0.005 
0.011 
0.019 
, ., 
, , 
From the table, one can see that as the environmental temperature 
increased, the rate 01' decrease in urinary sodium excretion 
(mmol.min-1) increases and that this rate 01' decrease during 
20-4Q:':min o~ work is more than during 40-60 min 01' work. The 
total sodium excreted during 60min work were 2.750,5.4-10, and 
2.167 mmol during 20C, 30C and 40C dry bulb (50% rh), respectively, 
The decrease in urinary sodium excretion was significant 
already in the first 15 min of exercise and the decrease in 
sodium excretion indicates that tubular reabsorption of sodium 
increased during exercise and that there was a decrease in 
, proportion of filtered sodium excreted. It has been found that 
intense physical work in the heat stimulat$higher production of 
aldosterone than would occur in non-exercising subjects on similar 
sodium intake and such overproduction of aldosterone in the 
presence 01' conditions permitting excretion 01' sodium into the 
urine could facilitate continuous excretion of potassium by the 
kidneys despite serious potassium depletion. The increase in 
plasma aldosterone has an acti'on on renal ,sodium reabsorption 
which lasts 8 h or more and plasma renin and aldosterone activity 
following 60 min 01' exercise in the heat (38C) show that these 
. dd 
hormones remain elevated significantly for 6-12 h (CostilI 1975). 
-------------------
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The increments of angiotensin II concentration within the physio-
logical range result in sodium,'potassium and water retention 
(Johnson 1976). At 20 min recovery period followed the 60 min 
constant work, urinary sodium excretion was near pre-exercise 
level during. work at 20C dry bulb while during 30C and 40C dry 
bulb, it did nattreturn to pre-exercise level. 
In summary it would seem that thene are transient changes 
in the urinary contents which reach stability eventually in.longer 
duration work and exposure to environmental conditions. Much of 
these can be at interDals in the 60 min exposure but there are 
more marked changes in short duration exposures which must reflect 
emotional facto.rs and expJiain the different results in the two' 
durations of experiments. This imposes other factors than purely 
physiological factors in the response to work in hot conditions. 
and unfortunately we have no appropriate soaling system to identiiJ 
identify them. 
(II) URINARY POTASSIUM EXCRETION 
Potassium ion is always present in the urine. The amount 
of potassium excreted in 24 h by an adult is on average 1-3 g. 
The ratio of sodium to potassium is generally about 5:3. Patho-
logically, the output of potassium in relation to sodium may be 
increased during fever; following the crisis, however, the output 
of potassium may be decreased. It may also be increased in c 
conditions associated with acidosis. In Addison's disease, there 
is usually a relative retention of potassium. 
Aldosterone causes increased tubular reabsorption of 
sodium and at the same time increases the loss of potassium into 
the urine. When aldosterone stimulates·lactive reabsorption of 
sodium, much of the sodium is exchanged for potassium ion, there-
fore, an increased number of potassium ions are lost in the urine 
in response to aldosterone. In fact,. the . demonstration by 
Himathongkam et al (19751 of the sensetivity of aldosterone 
production to extracellular potassium suggests that the increase 
in aldosterone level could be due to stimulation of aldosterone 
secretion by the elevated plasma level. 
I "Refered .to by Wade 1979 I 
I.. I 
157 
The importance of potassium lies on the fact'1that excess 
potassium relative to sodium in the extracellular fluid causes 
vasodilation due to the general effect of X+ ions to inhibit 
smooth muscle contraction and also causes the heart to become 
extremely dilated and slows the heart rate." In fact, elevation of 
plasma potassium concentration to only "i8-15 mmol.L-1 (2-3 times 
the normal values) will usually cause such weakness of the heart 
that it will cause death. All these effects of relative potassium 
excess are believed to be caused by decreased resting membrane 
potentials which result fron the high potassium concentration in 
the extracellular fluids. 
The average rate at which potassium is excreted in the 
urine is only 15% of the rate at which it is filtered at glomeruli; 
if large amounts of potassium salts are administered, or if the 
secretion of hydrogen ion is inhibited, the rate of excretion of 
potassium may rise to levels equivalent to twice the rate at which 
it is filtered. There is considerable evidence to support the 
view that, even when the amount excreted is. less than that filtermi 
the potassium in the urine is derived largely from the reexcretory· 
process of the distal tubular secretion. 
The rate of potassium excretion is determined by factors 
like the concentratipn of potassium in cells particularly the 
, 
renal tubulas,: cells (since potassium is primarily an intracellular: 
! ion, and therefore, it is the cell potassium to which excretion 
should be related) and the amount of sodium remaining at the end 
of the distal tubule syste~ is reached (since sodium is reabsorbed 
as potassium is secreted~ sodium and potassium excretion frequentlJ 
vary in parallel rather than inversely; the rate of secretion of 
hydrogen ion by the tubules, since the secretion of H+ tends to 
reduce the electrical potential gradient produced by sodium 
transport and, thus, the driving force for secretion of potassium 
into the lumen and therefore any thing which tends to enhance the 
secretion of H+ depresses tubular excretion of potassium, the 
capacity of the exchange mechanism since provided sufficient 
sodium is delivered to the exchange mechanism potassium excretion 
is enhanced by conditions which enhance sodium reabsorption 
(adrenocortical steriods);and tolerance to potassium since X+ 
excretion is facilated by repeated administration of X+ (Best and 
- ----------------------
15& 
Taylor (/q~(, ). 
The observation that the renal concentrating mechanism 
changed with exercise and that urine becomes more concentrated 
as the exercise rate increased has been confirmed by many authers 
(Kachadorian 1970). Potassium excretion shows varying changes 
during and after exercise (Oastenfors, 1967) ,Kattus et al 1949). 
The mean urinary potassium excretion may be slightly decreased 
during and after exercise in spite 01' the increased plasma 
level, though there are wide individual variations (Oastenfors 
1967, Kattus et al 1949). In well-hydrated subjects exercising in 
supine position the potassium excretion is not significantly 
change (Oastenfors 1967). However, other studies show an increased I 
urinary potassium excretion especially during prolonged heavy 
exercise where values two or even three-fold higher than resting 
values h~ve been obtained (Oastenfors 1967). It seems likely 
that increased muscular metabolism induced by the prolonged 
heavy exercise may be resposible for the increased potassium 
excretion. Since the increased plasma potassium and renin 
activity during work increase which suggests a stimulation 01' 
aldosterone secretion during exercise, therefore, the increased 
potassium excretion may be partly due to increased aldosterone 
secretion and in addition influenced by other factors such as a+ 
$x~retion and hematuria. 
In the present study, there was significant correlation 
between urinary potassium excretion and the increased work rate 
especially at 200 and 400 dry bulb (50";6 rh) (Figs 45 and46~) (the 
correlation was negative when expressed as, total mmo1. per sample). 
There were insignificant differences in urinary potassium 
excretion among 100, 200, ,00, and 400 (50% rh) before work and 
during graded work and also between 400 and other conditions 
before work but as the work intensity increases" it became 
significant especially at higher work rates (expressed as mmol/L~ 
The rate of increase in urinary potassium excretion due to 
(- -1 ,,-1) increase in work rate mmol.L.w and the total potassium 
excreted during graded work (mmo1) are shown in the following 
table:-
~--.. ,." .... -, ..• 
. -' 
--"---" 
---:r-
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CONDITION {C~ BATE OF INCREASE TOTAL POTASSIUM EXCRETED 
10 0.161 2.287 
Table 20 0.315 20959 
33 30 0.731 1.710 
40 0.788 2.120 
From these results, one can conclude that the rate of increase in 
urinary potassium excretion increases as the environmental 
temp~rature increases. 
There was significant correlation between urinary 
potassium excretion and the increase in urine volume during graded 
work (Figs.4i7, and48) (the correlation was negative when expressed 
as mmol/L). There was insignificant differences in urinary potass 
potassium excretion among '1100 ,;, 200 and 300 whi1~ at higher urine 
vOIU!Jle (low work rate) there was significant difference betweelZ,) 
400 condition and other conditions. The rate of increase in 
urinary potassium excretion due to increase in urine volume were 
0 • .06, 0;06, 0~09, and 0.12 mmol/ml during work at 100, 200, 30C 
and 40C dry bulb, respectively. Thus, as the intensity of work 
increased, the body attempts to preserve water and potassium. 
There was significant correlation between urinary 
potassium excretion and the inc»eased environmental temperature 
during-graded work (FJigs.49 and50)0 The rate of increase in 
urinary potassium excretion due to increase in environmental 
temperature (mmol.L-1.C-1):are shown in the following table;-o 
- >. 
- .... 
.:. ." 
YORK BATE ~WATTS) FROM 10C TO 200 FROM 20 TO ~QC FROM :20C T040J 
'1.20 0.49 0.47 5.45 
1·70 0 000 1.42 1.93 
Table 220 0.1,9 1.48 6.94 
34 270. 1.76 0.00 10.22 
320 1,.'73 1' •. 49 5.73 
Fromth~ table, one can see that as the environmental temperature 
increases, the rate of increase in urinary potassium excretion 
increases and this rate is higher at higher work rate. Thus, as 
the work rate and environme'ntal temperature increase" the rate 
of increase in urinary potassium excretion increases. However, 
160 
during 60 min of work at 170 watts (Fig.5$), the urinary potassium 
i 
excretion increased significantly only at the end of the work due' 
to increased environmental temperature. Thus, from what we have 
found, one can calculate the summation effect of work and heat 
on urinary potassium excretion (mmo~~1.0-1) which is shown in 
the following table:-
~ 
lJORK.RATE (WATTS2 FROM 1.00 TO 200 FROM 200 TO 300 FROM 300 To 4CO 
120 0.65 0.79 6.24. 
1,70 0 .. 00 1.7'5 2.72 
220 0.35 1.80 7.73 
. Table 270 1.92 0 •. 00 11.01 
35 320 1.89 1,.81 6"'51 
There was significant correlation between urinary 
potassium excretion and the increase in work rate during 20 min' 
graded work at 300 dry bulb (5OC~ rh, 6OC~rh, and 85%rh) (Figs.51 
and 52) (the correlation was positive when expressed as mmol/L-
except the 85% rh condition~ and negative when expressed as 
total mmol per sample). There was an insignificant difference in 
urinary potassium excretion among different relative humidities 
except before work • 
, 
. There was significant negative correlation between , 
urinary potassium excretion and the increase in relative humidity: 
(Fig. 54') during 20 min work at the rate of 170 watts (expressed 
as totalmmol per sample). The rate of decrease in urinary 
potassium excretion due to the increase in relative humidity 
was 0.051 mmol per 1,% increase in relative humidity after 5OC~ rh •. 
The total urinary potassium excretion were 12.637, 10.326 and 
9.336 mmol during work at 5OC~, 60% and 85% rh conditions, 
respectively. Thus, as the relative humidity increased, the 
total urinary potassium excretion decreases. The urinary potassium 
excretion did not return to preexercise level. ., 
There was significant correlation between urinary 
potassium e~cretion and the increase in expo~ure time-during 
work at 170 watts for 60min at 200, 300 and 400 dry bulb (50%rh) 
(Figs. 55', and 56.) ( the correlation was negative when expressed 
as total mmol per sample). The rate of increase in urinary 
-.- "'_ .... i. 
I 
potassium excretion due to increased exposure time ( 
is shown in the following table:-
EXPOSURE TIME (min) 200 400 
FROM TO 
20 40 0 •. 130 3.·890 
40 60 0.035 3.005 Table 36 
Thus', the rate at 40-60 min is lower-.;than 20-40 min periods and 
at 400 is higher than 200 conditions. There was significant 
difference in urinary potassium excretion between 200 and 400 
dry bulb at the end of work (expressed as mmoltL)~ The total 
potassium 'excreted were 2.602, 5.790 and 2.995 mmol during work 
at 200, 300 and 400 conditions" re~pectively. The urinary . 
potassium level did not return to preexercise level during the 
three conditions. 
Urinary potassium excretion shows a tendency to increase 
during increased work rate, increased environmental temperature, 
and increased exposure time especially during strenous exercise. 
!n fact, the effect on potassium excretion during exercise may 
be due to indirect factors like increased aldosterone secretion 
+ and H excretion competing with potassium excretion. Studies 
employing supine exercise of slightly higli! intensity were resulted 
with a depression of potassium excretion during exercise (Fullerd~ 
IQ70 ). After the start of 90 min heat exposure, total urinary 
sodium and potass.ium excretion rates were reduced in both walking 
and sedentary groups., Urinary losses of potassium were not 
Significantly different between exercising and sedentary men 
(Frannesconiet all'ln ). Intense physical trainip.g in a hot 
climate leadsto an average total body potaSSium deficient of 
517 mEq. and the total deficiency was not the result of catabolis~ 
d~ , (Knochel 1972). Intense physical work in the heat stimulat~higher 
production of aldosterone and such over production of aldosterone 
permit excretion of sodium into the urine could facilitate 
continued excretion of potas~1fD' by the kidney despite serious 
potassium depletion (Knochel 1972). 
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BASED ON 20 MIN WORK AND 30C 
DRY BULB 
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BASED ON 20 MIN WORK AND 300 DRY BULB 
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BASED ON 60 ruN WORK, 50% rh, AND 170 WATTS (CORRECTED NETT) 
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BASED ON 60 MINWORK, 50% rh, AND 170 WATTS (CORRECTED NETT) 
URINARY Na + (=01) 
~Oc . 'y-0.03t+2.97,pO.05 
r---------______ 4Oc." " 4-0.04t+2.3,pO.05 
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:2..0 b'O EXPOSURETTI'lE (min) 
'30c_ .,}"-O. 009+1. 86, pO.1 
1----____ -=:::::::::::::::=:...~4c~G j-O. 01 t+1 • 13, pO.1 
2.Oc. '" - ,:,"::,y-O,004t+0.8,pO.001 
200 URINARY Na + 
(mmol/L) 
BASED ON 60 MIN WORK, 50% rh, AND 170 WATTS Fig. 57 
17p 
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60min;NS;Y--2~4-8t+152.7 
o 
"' .. ob£> !-~-------3-:!-~~------~~ :&WIRONI1ENTAL TE:1PERATURE 
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I *Refered to by Burgen and Emmelin 1961· 
l**Refered to by A1-Fatthi et a1 1978 \ •• Refered to by Young 1979 ~ 
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~ SALIVARY SODIUM-POTASSIUM SECRETION 
* Donaldson (1936) found that voluntary running induces 
many changes in salivary glands of rats, among these changes is 
an increase in wet weight of the submaxillary glands. However, 
saliva was claimed to give a clue about some pathological and 
physiological changes (Abelson1974 and Wotman 1973f! Saliva is 
helpful in the determination of digitalis toxicity as toxic 
. patients exhibit marked elevation in salivary potassium and 
~ca16ium (Swans on 1973t:*It was shown that alterations in salivary 
electrolytes may be a reflection of some changes in body function 
related to pathological therapeutic or hormonal changes (Abelson 
1974). Saliva levels of lithiUm carbonate appear to corxelate 
well with serum level and subjects with impaixed renal function 
have a significant higher salivary potassium product than those. 
with normal renal function (Man 1979). One of the objectives of 
the present study is to see if salivary sodium, potassium and 
salivary Na+/K+ ratio can be used as work and heat stress index. 
Mosto~f the studies which have been done on saliva were performed 
with the subjects at rest. Only three studies so far have been 
done which related to the effect of exercise on salivary sodium 
and potassium •. Salminen and Konttinen (1963) have found· an 
increase in salivary sodium, potassium and Na+/K+ ratio; GilmanetoL 
(1979) found an increase in salivary potassium and Prader et al 
. + + (19~~ ) reported slightly low value of salivary Na /K ratio 
with exercise. No work has been reported on the effect of heat 
or the combined effect of heat and work on salivary composition • 
. The electrolyte compositibn of excretory fluids, such 
as urine, sweat,; and saliva is regulated by the metabolic work 
of. the excretory membrane of the gland concern'6d. The plasma-
salivary barrier has similarities with the renal tubular membranes 
(Langley et al 1958). Stimulation of the salivary flow with 
acetylecholine (Thaysen et al 1954f~~r with pilocarpine (White 
et al 1954) increases the salivary sodium concentration, while 
the potassium concentration decreases or remains unaltered. 
Adrenal cortex insufficiency is also accamRanied by an increase 
salivary Na+/K+ ratio (Frawley a~d Thorn 1951~The following 
figure illustrates the factors behind the reduction in salivary 
flow rate which inturnchanges the salivary composition :-
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Adolph and coworkers ( l'f '17 ) demonstrated a correlation between 
the reduction in salivary flow and the lTsr.cent water loss. With 
progressive dehydration, the salivary flow reached a minimum 
value and drops no further. 
Cl) SALIVARY SODIUM SECRETION 
In the present. study, there were Significant correlaticn 
between salivary sodium and the increased work rate (4 min work 
period) during work at 10C, 20C, ,OC and 40C dry bulb (50% rh) 
(Fig. 1). The significant (S) and insignificant (NS) differences 
in salivary sodium secretion are shown in the following table:-
*Refered to by Weinman et ali 
1967 
, 1', 
SALIVA: BASED ON 4 MIN WORK AND 50% rh Fig. 59 
IS: Na+ 4O"C. y=O.o7w+3·I,·. ~ .. I'= 0.01. 
1.0"( Y = 0'03W + b'l , ,:-. p= 0>01 
10 
o 
o· 
o 
_---:::;::::~~?~:::::-----'3ot y .. 0'01 w+ 7'9, ., 
~~~::::::::~ _______ -IO't 'I" 0002.\.llt- 3,3, , 
., p= CMI 
I P=O·(JI 
---
-----------
-----
40 GC Y = O-{)lf IN + 2..1'11-, ; 
2..O"C Y = 0'03W"" :zg'l., 
: p=OoOI 
• If)=> 0'00 
30t. '(= O,o'-W+ 26·2., "i • ., p= 0'0 
ID"C y= 0'02.\11 +2.0.", . :; 1'=0'01 
• 30C ,NS,y .. 0.000081,.1+0. 336 
lOt. y= O'Ooo7W+(H7,' "p~o,o 
t====::L:::::~:::::::::=~-":::::'::::::"'J..O·c. '1= 0·Ooo2.w+o·2.7,··' . f"C'OI 
i I 
'70 22D 
I 
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Table ,7 
CONDITION (C) Jj..l~JfU .tti!i 120 . ~~O WATTl:i ,20 WATTS 
•. ' t' p It' p 't '. p 't' n 
1.0 and 20 ~.O 0 • .05 NB 2.6 0.05 NS 1.9 0 • .05 NB 0.6 .0.05 NS 
10 and ,.0 ,.4 0 • .05 B 1., 0.05 NB 1.2 0 • .05 NB 0.5 0.05 NS 
1.0 and 40 5.2 .0 • .01 S 5.2 .0 • .01 B ·2.2 .0 • .05 NB 4.7 .0.01 S 
2.0 and ,.0 2.0 .0 • .05 NB 0.6 .0.05 NS 1.2 .0.05 NB 1 • .0 0.05 NE 
20 and 40 1 • .0 0 • .05 NB 1.0 .0.05 NB 1.2 0.05 NS 4.9 0.01 B 
,0 and 40 0.7 0 • .05 NS 0.8 .0.05 NB 0.7 0.05 NB 4.1 0.02 S 
. 
From the table, one can see that the differences are more 
significant at higher work rate especially between 20-40C and 
,.
,0-40C conditions while between 10-,OC conditions, the difference 
was. significant only at prework.,:The differences between the two 
extreme conditions (10 and 40C) was significant at prework and 
during different work rate. The rate of increase in salivary sodium I 
due to increase in the work rate. (mmol.L;1 W-1) are 0 • .044" .0.0", 
0.014 an~ 0.092 during work at 10C, 20C, ,OC and 40C dry bulb 
(5.0% rh ), respectively. The increase in salivary sodium shows 
that plasma is getting more concentrated and that body mobilizes 
more sodium as the subjects work harder. 
There was significant correlation between salivary sodium 
and the increase in environmental temperature at prework, 120 watts 
and 220 watts while it was less significant at higher work rate 
(270 and 320 watts) (Fig. 6~. The significant difference in 
salivary sodium between different work rates at different tempera-
ture is shown in the following table:-
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270'01 
220'01 
BEFORE WORK 
120'01 
3201,1 
2201,1 
270'01 
1701,1 
1201,1 
BEFORE WORK 
Before ',iork:y_0.29T+18.8PO.02 
120W:y_0.22T+21.7,NS 
170W:y_0.21T+22.55,NS 
270',i: y=O. 35T+19.'~ ,PO. 001 
320',1 
1701,1 I ~...,"":==z:==:=~~~,;,~ ,,~, '::~/_=_~_~-~-~-~- 2701,1 ,_ . ..,;. _____ - - Before lJork _. _ .... _ 12 nO .. _ ___ ~._____ 0 .... 0\' 
.. :. 
10 
Before lJork:y-0.003T+0.22PO.0?, 
120W:y=O.003T+0.225~PO.1 
'" .1701,1 :y.O. 005T+O. 23 l~S 
2201,1 
"2201,1: y-O. 002T+0. 25PO.05 " 
2701,1 :y.0.005T+0. 22 ,PO.001, 320W:y.0.01T+0.17,NS , 
2 o 
EtWIRONMENTAL 
TEMPERATURE (G) 
WORK ~TE 100 200 300 400 
i (WATTS -
Prework & 120 
't' P 't' P 't P ~ t' P 
- - -
0.7 0.05 NS 0.8 0.05 NS 0.2 0 •. 05 NS 
Prework &?~70 
- - -
1.1 0.05 NS 
- - -
0.2 0.05 NS 
Prework & 220 1.7 0 .. 05 NS 1.0 0.05 NS 0.9 0.05 NS 0.7 0 .. 05 NS 
Prework & 270 1.7 0.05 NS 3.8 0.02 S 1.2 0.05 NS 2.9 0.05 S 
Prework & 320 6 •. 8 0.01 S 0.8 0.05 NS 1.2 0.05 NS 4.9 0.01 S 
120 ~ 170 
- - -
1.7 0.05 NS 0.9 0~05 NB 
- - -
120 & 220 1.7 0.05 NS 1.5 0.05 NS 0.2 0.05 NS 0.7 0.05 NS 
120 ,& 270 1.7 0 .. 05 NS 2.9 0.05 S 0.5 0.05 NE 2 •. 9 0~05 S 
120' & 320 6.8 0.01 S 0.2 0 .. 05 NS 0.7 0.05 NE 4.9 0.01 S 
170' & 220 1.7 0.05 NS 0.1 0.05 NS 0.7 0.05 NE 0.7 0.05 NS 
170 & 270 1.7 0.05 NS 2.7 0.05 S. 0.4 0.05 N~ 2.9 0.05 S 
1'/0 &. 320 6.8 0 .. 01 S 002 0 .. 05 NS 0.7 0.05 Nl 4.9 0.01 S 
220 & 270 
- - -
'2.7 0.05 NS 0.6 0005 Nl 1.3 0.05 NS 
220 & 320 3.6 0.05 S 0.5 0.05 NS 0.7 0.05 Hr 3.6 0.05 S 
270 & 320 3.6 0 •. 05 S 2.9 0.05 S 0.1 0.05Nf 2.8 0.05 S 
From the table, one can see that the significant differencs in 
salivary sodium occured mainly between 320 watts and other work 
rates which is obvious at 400 dry bulb condition. The rate of 
increase in salivary sodium due to increase in environmental 
temperature (mmol.L-~ 0-1) is 0.38, 0.18 and 0.59 during change 
in exposure from 100 to 200, 200 to 300 and 300 to 400 dry bulb, 
respectively. The effects of work rate and.environmental tempera-
ture on salivary sodium ap~ear to be additive. The summation 
effect of both factors on salivary sodium is 0.42, 0.20 and 0.64 
mmol.L-~ y-~ 0-1 during change in exposure from 100-200, 200-3QP 
and 300-400, respectively. 
There was significant correlation between salivary 
sodium and work rate during 20 min work at 300 (Fig.61) and there 
were significant differences in salivary sodium between 50% rh 
and 60% rh at prework and during graded work. There was signifi-
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qant correlation betwe,en salivary sodium and the increase in 
relative humidity (Fig.62) at prework (20 min). Generally, 
salivary s,odium level returned toprework level after 20 min 
recovery period. 
There was significant correlation between salivary 
sodium and the increase in exposure time during 60min work at 
170 watts at 400 (50% rh) (Fig.63). The rate of increase in 
salivary sodium due to increase in exposure time i's 0.25, 0.,0 
and,O.6, mmol.L-:min-1 during work at 200, ,00, and 400 dry bulb, 
respectively •. Thus, as the environmental temperature increases, 
the rate of increase in salivary sodium increases. The salivary 
sodium level returned nearly to prework level after 20 min 
recovery period 'at 200 and 400 dry bulb. 
The correlations between urinary and salivary sodium 
at different exposures and conditions are shown as follows:-
I. During graded work (4 min for each work rate) and 50% rh :-
(1) At 100: r~-0.6 NS 
(2) At 200: r=-0.4 NS 
(3) At ,00: r~-O.9,y=-0.015U+10.96,p=0.01 
(4) At 400: r=-O.7,y~-0.14U+29.9, p=0.1 
II.During increasing environmental temperature (4 min work & 5O%rh 
(1) At- 120 Vi: r=0.1 NS 
(2) At 170 Vi: r=0.4 NS 
0) At 220 Vi: r .. -0.6 NS 
(4) At 270 Vi: r=-0.1, NS 
(5) At- ,20 Vi: r=0.2 NS 
Ill. During graded work (20 min for each work rate) and ,00 dry 
bulb :-
(1) At 50% rh: r-0.9',y=0.02U+8.4,p=0.05 
(2) At 60% rh: r-0.97,y-0."U-20.1,p=0.02 
(,) At: 85% rh: r=-O.5 NS 
IV.During increasing, relative humidity (20 minJwork & ,00 dry 
bulb) :-
(1) At 120 W:r .. O., NS 
(2) At 145 W: r=0.2 NS 
(,) At 170 W: r=O.2 NS 
V.During increasing exposure time (170 watts, 50% rh and 60 min 
work) :-
(1.) At 200: r~-O~9,,y .. -O.06'U+20 •. 09,p=0.,05 
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Fig. 62 
BASED ON 8Q MIN WORK AND, 3.00 'DRY BULB '. 
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Fig. 63 
400 
200 
400 
Y"0.0004t+0.6 200,NS 
o 002t+0 .32 30C •
NS 
Y'" • 
0.0-L ________________________________ __ 
BEFORE 
WORK 
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EXPOSURE TIME 
50 60 
(2) At., 30C: r=0.1. NS 
(3) At 4OC: r .. -0.93,y .. -0 •. 121U+26 •. 15,p .. 0.02 
VI.During incre§sing environmental temperature (60 min work, 
17,0 watts and ~O% rh) :-
(1) At Prework: r=0.9,y .. 0.72U-74.9,p=0.1 
(2) At 20 min: r.-o.8 NS 
(3) At 40 min: r .. 0.6 NS 
(4) At 60 min: r--o.94,y=-0 • .o9U+23.27,p .. 0 .. 05 
Cll) SALIVARY POTASSIUM SECRETION 
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There was significant correlation betwee~salivary 
potassium and the increase im work rate (Fig.59)and there were. 
insignificant differences in salivary potassium secretion among 
different environmental temperatur~at different work rates. 
The rate of increase in salivary potassium due to increase in 
work rate is 0.037, 0.125, 0.103 and 0.23 mmol.L-1, w-1. 
. There was significant correlation between salivary 
potassium and the increase in environmental temperature (Fig.60) 
at prework and 270 watts. However, there was insignificant 
differences in salivary potassium between prework and 270 watts 
at the. conditions studied. The rate of increase in salivary 
potassium were .1 •. 10 and 0.45 mmol.L-:1C-1 during changes in 
exposure between 10C-20C and 30C-40C, respectively. As it was in 
case of sodium, the effects of work rate and environmental te 
temperature on salivary potassium are additive and the summation 
effect of both factors are 1 .. 25,.0.44, and 0.62 mmol.L-:C,,:1W- t 
during changes in exposure between 10C-20C, 20-30C and 30C-40C, 
respectively. 
There was significant correlation between salivary 
potassium and. the increase in work rate (20 min duration) during 
work at 30C (60% and 85% rh) and there w~s insignificant difference 
in salivary potassium between 60% rh and 85% rh. (Fig. 6,1,). 
Sali~ary potassium level returned to prework: level at 50% and 60% 
rh conditions but at 85% rh condition, it was higher than prework 
level •. There was significant correlation between salivary potassiun 
and the increase in. relative humidity above 50% rh during 145 watts 
at 30C dry bulb. (Fig •. 6!L).· 
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• /11-There was significant correlation .between salivary 
potassium and the increase in exposure time at 170 watts at 300 
400 dry bulb but at 200 dry bulb there was significant negative 
c.orrelation (Fig 63). Salivary potassium level returned. to pre-
work level after 20 min recovery period. 
The correlations between urinary and salivary potassium 
at different exposures and work conditions are as follows ;-
I. During graded work (4 min for each work rata and 50% rh) :-
(1~ At 1.00: r=0.5 NS 
(2) At 200: r=0.6 NB 
(3) At 300: r=0.6 NB 
(4) At 400: r-0.8,y=0.08U+21.55,p=0.05 
II. During increasing environmental temperature (4 min work and 
50% rh) :-
(1) At 120 W: r-0.6 NB 
(2) At 170 W: r-0.3 NB 
(3) At 220 W: r .. 0.6 NB 
(4) At: 270 W: r=0.2 NB 
(5) At 320 W: r-0.7 NB 
Ill. During graded work (20 min for each work rate and 300 dry 
bulb) :-
(1) At 500~ rh: r=0.5 NS 
. (2) At 60% rh:r-0.9 NS 
(3) At 85% rh: r=-O.999,y=-0.45U+59.72~~=0.001 
IV. During increasing relatiwe humidity (20 min work and 300 dry 
bulb) :- , 
(1) At. 120 W: r-0.8 NS 
(2) At 145 W: r=0.5 NB 
(3) At 170 W: r a O.3 NS. 
V. During increasing exposure time (60 min work, 170 watts and 
50% rh) :-
(1) At 200: r=-0 •. 99,y=O.145U+32•4 ,p-0 .. 001 
(2) At 300: :r-0.·3 NS 
(3) At 400: r=0.4 NB 
VI. During increasing environmental temperature (60 mi~work, 
170 watts, and 50% rh) :-
(1) At Prework: r=-O.96,~--O.114U+32.42,p-0.05 
(2) At 20 min : r a O.9,y .. 0.113U+20.09,p=0.1 
(3) At !ro miIL : r=0.6 NB 
(4) At 60 min : r-009, y.Oo025U+24o36,p-001 
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O. URINE-TO-SALIVA RATIO FOR SODIUM, POTASSIUM AND Na+/K+ RATIO 
. There"weresign:Lncant" riegativecorreiatfon~"-b~tween" 
urine -to-'sa1iva ratio for sodium and the increased work rate 
during 4 min work at 100, 200, 300 and 400 dry bulb (50% rh) 
while it was insignificant correlation with urine -to- saliva 
ratio ~or potassium (Fig. 64). Also, urine -to- saliva ratio for 
Na+/K+ ratio correlates negstive1y with increasing work rate. 
Thus, as the work rate increases, there is more sa1ivsry sodium 
secretion relative to urinary sodium. 
There ws»e signifioant negative correlations between 
urine -to- saliva ratio for sodium and the increased environ-
mental temperature during medium and heavy work (Fig.65.!) while 
the urine -to- saliva ratio for potassium correlates positively 
with increased environmental temperature only at very heavy work 
,rate. There were significant negative correlations between urine~ 
to- saliva ratio for Na+/K+ ratio and the increased environmental 
temperature at all work rates studied (120 - 320 watts). Thus, 
as the environmental temperature increased, there was more 
urinary potassium excretion relative to salivary potassium 
secretion and more salivary sodium secretion relative to urinary 
sodium excretion. 
During graded work of 20 min duration, there were 
significant negative correlations between urine -to- saliva ratio 
for sodium and the increased work rate at 300 dry bulb (60% and 
85% rh). There were insignificant differences in urine -to-
saliva ratio for sodium (Fig.6S) between 60% rh and 85% rh 
conditions. There were significant correlations between urine -
to- saliva ratio;for potassium and the increased work rate at 
50% rh condition while the correlation became negative when the 
work performed at 85% rh condition. There was significant diff 
differences in urine '-to- saliva ratio for potassium between 
50% rh and 85% rh conditions. There were significant negative 
+/ + correlation between urine -to-saliva ratio ,for NaK ratio 
and the increased work rste during work at 60% and 85% rh. This 
confirms the earlier findings illustrated in Fig.64. ' 
I 
I 
I 
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There were insignificant correlation between urine -
to- saliva'ratio for sodium and the increased relative humidity 
above 50% rh, while urine -to- saliva ratio for potassium 
correlates well. The correlation is positive at prework and low 
work rate while it is negative at medium work rate (Fig.6~). 
There were significant correlation (positive at 200 
and negative at 400 dry bulb) between urine -to- saliva ratio 
for sodium and the increased exposure time during 60 min work 
at 170 Wand 50% rh (Fig. :) while urine - to- saliva ratio for 
potassium correlates positively at 200 and 400 dry bulb. Urine 
to- saliva ratio for Na+/K+ ratio correlates well with the 
increased exposure time (positive at 200 and negative at 300). 
Thus, at high temperature, as the exposure time increased, 
salivary sodium secretion increases relative to urinary sodium 
excretion while at normal temperature (200 dry bulb, 50% rh) 
urinary sodium excretion is more than salivary sodium secretion. 
Also, at both 200 and 400 dry bulb, as the exposure time 
increases, urinary potassium excretion is more than salivary 
potassium secretion. 
In subjects working at 170 W for 60 min, urine -to-
saliva ratio for potassium increases significantly with 
increased environmental temperature at the end of the work while 
urine -to- saliva ratio for Na+/K+ ratio decreases significantly 
(Fig.69'). Thus, as the environmental temperature increases, 
urinary potassium excretion increases relative to salivary 
potassium secretion. This confirms the findings illustrated in 
Fig.,65and the earlier conclusions. 
/ . ...; / . 
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URINE -TO- SALIVA RATIO: BASED ON 4 MIN WORK AND 50% RH 
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URINE -TO- SALIVA RATIO: BASED ON 20 MIN WORK AND 30C DRY BULB 
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URINE -TO- SALIVA RATIO: BASED ON 20 MIN WORK AND 300 DRY BULB 
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D. SODIUM/POTASSIUM RATIO· 
Cl) URINARY Ni/K+ RATio .. ... .... . . 
. The' general trend of urinary Na+/K+ ratio is to decrease, 
with exercise. Refsum and Stromme (1975) found that urinary Na+/K+ 
ratio fell from 3.15 units during the night before the race to 
0.59 unit during the race, rose slightly to 0.83 unit during the 
first night after the race, and was 2.1 Units, and 3.1 units during 
the second and fourth night after the race, respectively. The 
urinary Na+/K+ ratio is decreased in, adrenal insufficiency and 
decreased by adrenal steriods, other agents which cause decreased, 
sodium excretion will also cause a decrease in urinary Na+/K+ 
ratio 
In the present studYf there was a highly significant' 
negative correlation between urinary Na+/K+ ratio and the increased 
" + + work rate (Fig. 451page16~. The, rate of decrease in urinary Na /K 
ratio was 0.009" 0.012, 0.009" and 0.008 unit per watt during 
work at 10C, 20C, 30C, and 40C dry bulb (50% rh), respectively. 
There were significant differences in urinary Na+/K+ ratio between 
10C and both':30C and 40C conditions before and during graded work. 
There were significant differences between 30C and 400 conditions 
before and during low work rate. Thus" Na + /K+ ratio decreases as 
the work rate increases which associates with an attempt to 
secrete potassium. Urinary Na+/K+ ratio decreased during work and 
heat suggesting that aldosterone was secreted which confirms the 
suggestion by Robinson et al 0955fthat increased serumialdost~rone 
lowers 'urinfu-Y· Na + /K+ ratio during heat acclimat1zat10n:,~· and acts 
as, a part of a genralized stress reaction, in conjunction with 
increased renin secretion" and decreased aldosterone elimination 
in the liver (Refsum and Stromme 1975). 
There was a highly significant negative correlation 
between urinary Na+/K+ ratio and the incre.ased environmental 
temperature during graded work especially at higher work rates 
(Fig.4q,page/6~ ). Thus, increaseS-in environmental temperature 
resulted in preservation of sodium relative to potassium. The 
, + + 
rate of decrease in urinary Na /K ratio due to increased environ-
mental temperature (Na/K ratio: unit/C) is shown in the following 
t'able:-
WORK RATE (WATTS) 
'120' 
170 
220 
270 
320 
Table 39 
From 10 To 200 From 
0.019 ' 
0.050 
0.065 
0.031 
0.052 
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20 To 200 From 20 To 4()0 
0.080 0.112 
0.084 0.049 
0.048 0.043 
0.057 0.026 
0.044 0.025 
However, during 60 min constant work at 170 W (Fig. 55 ,llage 172), 
urinary Na+/K+ ratio increased significantly during the first 
20 min and then decreased after this period as the environmental 
temperature, increases. From what we have found, one can calculate 
the summation effect of increased work and heat (Na/K ratio.W~10-1 
as shown in the following table:-
Table 4() 
WORK RATE ~WATTS 2 From 10 To 200 From 20 To, 200 From 20 To 4()0 
120 0.029 0.084 0.121 
170 0.076 0.090 0.058 
220 0.041 0.058 0.052 
270 0.062 0.068 0.026 
320 0.062 0.054 0.024 
From Fig. 53 (page 170 ), one can see that there is 
significant negative correlation between urinary Na+/K+ ratio 
and the increase in work rate (20 min work period) at 85% rh but 
there was insignificant correlation between urinary Na+/K+ ratio 
and the increase in relative humidity. 
There was significant negative correlation between 
, + + ' 
urinary Na /K ' ratio and the increase in exposure time during 
work at 170 W for 60 min work at 300 and 4()0 dry bulb (50% rh) 
(Fi'g.55 ,page 172). There was insignificant correlation at' 200 
, +/ + dry bulb. There were significant differences in urinary Na K 
ratio between 200 and 4()0 conditions before work and at the end 
, +/ + of work. Thus, decrease in Na K, ratio with increased exposure 
time, increased environmental'temperature and increased work 
rate is due to decrease in sodium excretion relative to potassium 
excretion. The rate of decrease in urinary Na+/K+ ratio due to 
increase in exposure time (Na/K ratio unit.min-1) is shown in 
the following table:-
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'fable 41 
CONDITION (C) YORK PERIOD (min) RATE OF DECREASE 
From To 
30 20 40 0.012 
-' 
30 40 60 0.011 
40 20 40 0.074 
40 40 60 0.018 
From the table,. one can see that during work at 40C dry bulb, 
the rate of decrease is greater between 20-40 min of work 
compared to 40-60 min period. 
From the present results, one can see that the net 
effect of increased work rate is to oause a loss of potassium 
relative to a retention of sodium from blood as revealed by the 
changes in urine. This gives us a net decrease in Na/K ratio 
excreted in the urine due first to increased level of work and 
second to the increased effect of temperature. The effect of 
increased work and increased temperature on decreasing urinary 
Na/K ratio appear to be additive. This was exaggerated at the' 
higher temperature (40C) by the marked increase in potassium 
loss at higher work rates. These changes can be seen to remain 
consistent in spite. of different methods for calculating 
urinary clearance such as to calculate percentage concentration 
or total output during short (4min) period of exposure to work 
and temperature. These effects are modified when the exposure 
to heat and work prolonged such as 20 min prework exposure 
leading into 20 min working. Under these conditions, the 
modification in the previous observation appear to be a reduction 
in the rate of urinary potassium loss probably due to modification 
in the sweat losses.~ By choosing 30C as a reference temperature, 
relative humidity was increased from the ambient 50% rh of the 
previous experiments and showed a tendency to produce a 
reduction in urinary Na/K ratio due large part to a lower 
sodium loss with increasing humidity auggesting that at higher 
humidity and work rate the urine was reflecting the effects of 
increased sweating. Unfortunately, it was impracticable to 
collect sweat in quantities that could be analyzed by our methods 
for chlorides. 
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CII) SALIVARY Na+/K+ RATIO 
In the present study, there were significant correlations 
between salivary Na+/K+ ti 
ra 0 and the increase in work rate 
during short work (4 min) at 100, 200 and400 dry bulb (50% rh) 
(Fig. ~page177). The Significant differences in salivary Na+/K+ 
~atio are shown in the following table:- ' 
(rg ) PHF.'. 120 
, t' ,?20 WA'.c'l'J:) 3?0 p 't' p 't' p , 't' p 
10 and 20 0.3:0.05 NB 0.7 0.05 NS 0.5 0.05 NS 2.1 0.05 S 
10 and 40 1.2 0.05 NS 1.4 0.05 NS 0.8 0.05 NS 3.0 0.05 E 
20 and 40 0.6 0.05 NS 0.8 0.05 NS 0.4 0.05 NS 4.4 0.02 S 
From the table, one can see that the differences in salivary Na+/K+ 
ratio for different conditions are significant only at higher work 
rate (320 W). At 400 condition we get a significant displacement of 
the line upwards which becomes less obvious at lower work rates. 
Thus, the ambient temperature exaggerates the body temperature at 
higher work rate. In the more extreme conditions (100 and 400) 
mineral clearance increases. The increased salivary Na+/K+ ratio 
must reflect plasma changes in which relative potassium has 
decreased indicating that there has been a better retention of 
tissue sodium or marked increase in cellular potassium uptake. 
The increase in salivary Ni/K+ ratio as the work rate increased 
indicates that the rise in salivary sodium is much more than that 
of salivary potassium. The rate of increase in salivary Na+/K+ 
ratio (Na/K ratio.W(1) are 0.001, 0.0004, 0.0006 and 0.0028' 
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~uring work at 100, 200, 300 and 400 condition, respectively. .' 
Thus, the rate of· increase is higher at the extreme conditions 
(100 and 400- which push mineral clearance-) compared to other 
conditions (200 and 300). 
There were significant correlations between salivary 
Na+/K+ ratio and the increase in environmental temperature 
before and during different work rates of short duration (4 min) 
(Fig:t5o ~'pa'ge 179 ). The signifio~t differences in salivary N"a + /i+ 
ratio among 'different-work ~a·tes. are shown im the following 
table:-
'Table 42 ' . .> 
. wqRK 'IUU ~Ou 30U 4O() (WATTS) 
It I p . I t I P I t I P I t I P Prework eo 12C 0.2 0.05 NS . ... _ . . ,,,",, 0.2.0.05 NS 0.4 0.05 NS 
Prework eo 17C 0.3 0.05 NS 0.2 0.05 NS 0.1 0.05 NS 0.4 0.05 NS 
Prework eo 22C 0.2 0.05 NS 0.2 0.05 NS 0.2 0.05 NS 0.5 0.05 NS 
Prework eo 27C 0.1 0.05 NS 0.6 0.05 NS 0.6 0.05 NB 0.9 0.05 NS 
Prework eo 320 2.8 0.05 B 0.1. 0.05 NB 0.8 0.05 NS 3.4 0.05 S 
120 & 170 0.2 0.05 NS 0.6 0.05 NS 1.8 0.05 NS - - -
120 & 220 0.4 0.05 NB 0.3 0.05 NS 104 0.05 NS 0.2 0.05 NS 
120 & 270 0.7 0.05 NS 1.0 0.05 NS 0.8 0.05 NS 1.3 0.05 NS 
120 & 320 2.9 0.05 S 1.2 0.05 NS 1.0 0.05 NS 3.7 0.02 S 
170 & 220 1.0 0.05 NS 0.8 0.05 NS 0.3 0.05 NS 0.2 0.05 NS 
170 & 270 1.2 0.05 NS 1.4 0.05 NS 0.6 0.05 NS 1.3 0.05 NS 
170 & 320 3.3 0.05 B 1.8 0.05 NS 0.1 0.05.NS 3.7.0.02 S 
220 & 270 0.5 0.05 NS 0.6 0.05 NS 0.5 0.05 NS 1.1 0.05 NS 
220 & 320 2.1 0.05 NB 0.2 0.05 NS 0.2 0.05 NS 3.4 0.05 S 
270 & 320 2.0 0.05 NS 0.1 0.05 NS 0.2 0.05 NS . 2.5 0.05 NS 
From the table, one can postUlate that the signi~icant differences 
. + + in. salivary Na /K ratio occured mainly between 320 \l and other 
work loads and again this occured at the extreme conditions (100 
+/ + and 400). Thus, as the body gets hotter, salivary Na K ratio 
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increases,i.e,the increase in, salivary sodium is more than 
salivary sodium is more than salivary potassium which indicates 
the increased plasma sodium. Fig. 60, page 179 , explains the 
additional effect of high temperature and high work, rate reflect-
ing the movement of sodium into body fluid contributing to saliva. 
The rate of increase ili salivary Na/K ratio due to the; increased 
enviro=ental temperature (salivary Na/K ratio unit.O-1) were 
0.004, 0.006 and 0.021 during changes in exposure conditions 
10-200, 20-300 and 30-400, respectively. Thus" as the environ-
me~tal temperature increases, the rate of increase in salivary 
'Na/K ratio increases. 
It appears that the effect of work rate and envirmn-
mental temperature on salivary Na/K ratio are additive •. The 
summation effect of both factors can be calculated (salivary 
N / -1 -1) a K unit.W.D • This was 0.005, 0.007, and 0.023 during 
changes from 10-200, 20-300 and 30-400" respectively. 
There were significant correlation between salivary 
Na/K ratio and the increase in work rate during 20 min work at.; 
300 (60% and 85% rh) (Fig .. 61), page 181)" but ,the correlation 
betwe,en salivary Na/K ratio and the increased relative humidity 
above 50% rh were insignificant. However, there were significant 
differences in, salivary Na/K ratio between 50% and 60% rl± beforeo 
work and at the end of work. During work at 145 W, the salivary 
Na/K ratio level returned to preexercise level after 20 mim 
recovery period at 50% and 60% rh conditions~ 
There was significant correlation between salivary 
Na/K ratio and the increase in exposure time during 60 min work 
(170 w) at 400 dry bulb and 50% rh. (Fig'63,page 184)' The rate 
of increase in salivary Na/Kratio were 0.012, 0.012 and 0.018 
1 ' Na/K ratio unit.min- during work at 200, 300 and 400 dry bulb 
(50% rh), respectively. After 20 min recovery period, salivary 
Na/Kratio level was higher than the preexercise level. except at 
400 condition the level nearly returned to preexercise level. 
From the results of the present study, one can postUlate that 
the~e is a selective retention of sodium relative to potassium, 
sO potassium is more easily lost, ie. it is an indirect measure 
of aldosterone and saliva is showing increased accumulation;,of 
s'odium relative to potassium since the body is losing sodium in 
_-2.-__ . 
(·Referedto by Salminen and I 
!Konttinen 1963 ___ , ___ J 
;, [, I', 
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the sweat •. 
Elevated values of salivary sodiUm, potassium and Na/K 
ratio due to increased work rate, increased environmental temp-
e~ature, increased relative humidity and ~n~reased exposure time 
are indications of overactivity of salivary glands and could be 
explained on the following basis:-
1. The elevated values of salivary electrolytes might be due to 
the general concentration of salivary components due to the 
volatilization caused by forced ventilation during exercise. 
2. It could be explained by increased penetration of the plasma 
. 
components into the saliva as a result of a possible increase 
in the permeability of the plasma-saliva barrier owing to 
stress during exercise. Perhaps this is similar to the changes 
in permeabilities of the glomerular membrane and the plasma-
cerebrospinal fluid barrier which are increased during stress . 
or. ischemia (Hall 1957, Slobody et a~ 1957)4/; and the release of 
some enzymes from the cells into the. plasma in. co=ection with-
exercise is explained on .. the basis of the increased permeability 
of the cell membrane (Ziarler 1958)~ 
,. As has been mentioned earlier, water and sodium reabsorption 
as well as potassium secretion take place in the salivary duct 
system. Thus, the elevated values of salivary components 
(electrolytes) could be due to: 
(a) Increased water reabsorption in the ducts system. 
(b) Decreased sodium reabsorption in the ducts system since, 
as it was mentioned. earlier, cholinergic drugs seem to be 
able to reduce sodium reabsorption in the salivary ducts 
system. 
(c) Increased potassium secretion since there has been no 
evidence in the literature to suggest that reabsorption of 
potassi.um occurs in the duct system of salivary glands and, 
as it was me.ntioned earlier, cholinergic. drugs seem to be 
able to stimUlate ductal secretion of potassium. 
4. Increased sympathetic activity via adrenergic receptors 
5. Increased 
potassium 
(}q6/ ). 
plasma potassium leading to increase in the rate of 
secretion in the salivary glands (Burgen and Emmelin 
6.- The involvement of salivary kallikrein which is localized in a 
site that could influence both glandular blood flow and 
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e~ectrolyte exchange. 
., 
\le have found. that the general trend of urinary Na/K 
ratio is to decrease witfuincreasing work rate, increasing 
environmental temperature, increasing relative humidity and 
increasing exposure time while the trend of salivary Na/K ratio 
is to increase with the increase in the above factors. The 
correlations between urinary and salivary Na/K ratio at different 
conditions and work rates are as follows:-
i. During graded work at 50% rh (4 min work period): 
(1) At 100: r=-0.7, p=0.1,y=-0.11U+0.5 
(2) At 200: r=0.3 NS 
(3) At 300: r=-0.3 NS 
(4) At 400: r=0.7,p=0 •. 1.,y=-0.3U+O.7 
II. During increasing environmental temperature (from 10-400 
dry bulb, 50% rh): 
(1) At 120 W': r=-0.2 NS 
(2) At 170 \01: r=-0.1 NS 
(3) At 220 \01: r=-0.95,p=0.02,y=-0.04U+0.36 
(4) At 270 \01: r=-0 •. 98,p=0.01.,y=-0.122U+0.47 
(5) At 320 lOl: r=-0 •. 3 NS 
Ill. During graded work (20 min work period and 300 dry bulb): 
(1) At 50% rh: r=-0.6 NS 
(2) At 60% rh: r=-0.5 NS 
(3) At 85% rh: r=-0.1 NS 
IV. During increasing relative humidity (20 min work period and 
(300 dry bulb): 
(1) Before work: r=-0.9,p=0.1,y=-0.29U+O.79 
(2) At~ 120' \01: r=0.95,p=0.05,y=0.21U-o.07 
(3) At 145 W: r=0.5 NS 
(4) At 170 W: r=0.4 NS 
V. During increasing exposure time (60 min work period and 50",.6 rh): 
(1) At 20C: r"'..,O.2 NS 
(2.) At 300: r--o.98,p=0.02,y",-o •. 41U+O.84 
(3) At 400: ~;"':'O. 97'I>:;:O~05';y=':'0~ 19U+0~ 81 
VI. ,During increasing environmental temperature~(20-40C dry bulb, 
170 watts, and 50% rh): 
(1) Before work: r=0.98,R.;:0 • .o2,y=0.06U+0.154 
(2) At 20 min work: r=0.4 NS 
\ (3) At 40 min work: r=0.4 NS 
(4) At 60 min work: r-0.7 NS 
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Thus, there is insignificant correlation between salivary and 
urinary Na/K ratio during graded work whether the w,ork period is 
4 or 20 min. During increasing relative humidity, the correlation 
is significant only before work and during low work, rates (120 W). 
when a constant work rate of 170 W performed and the exposure 
time increased, salivary and urinary Na/K ratio correlate 
significantly at higher environmental temperature (30 and 400) 
only. When the environmental temperature increased" salivary and 
urinary Na/K rat:i:.0 correlated at higher work rates Qnly, but at 
medium or low work rate they do not correlate even if we increase 
the work period from 4 min to 20 min; however, as a result of 
the ,0 min prework equilibration 'time, there is a good correlation. 
Obviously the transient conditions of work and short durations of 
exposure cause changes in the mechanisms governing salivary and 
urinary production. Salivary and urinary mineral concentrations 
seem:. to reflect each other only in conditions of well established 
maintained activity whether of work or of environmental exposure. 
This confirms what one could anticipate if one might regard saliva 
as a reflection of plasma and urine as the past history of 
correotions to transient changes in the plasma due to stress or 
to sweat losses. 
/ 
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CONCLUSIONS 
HEART RATE 
"", 1. There were significant correlations between heart rate and 
increased work rate, increased environmental temperature 
(at prework and medium work rate) and increased exposure" 
time to d~fferent environmental temperatures. There were 
significant correlations between the effects on heart rate 
of increasing humidity and work rate maintained for 20 min 
at 30C,and 50%, 60% and 85% rh. Heart rate returned to; 
prework level at the end of each recovery period. 
2. Moving from comfortable conditions, i.e. 20C, 50% rh, to 
4bC, the environmental effective load increased ~y 80 Watts. 
3. The 6 heart rate/work rate relationship was linear at 20C 
while during work at 10C, 30C, and 4OC, the relationship was 
linear up to about 200 W, after which it became curvilinear, 
4. The differences in heart rate' between 40C and 20C decrease:, as 
the work rate increases, i.e. heart rate is a 'thermometer' 
at low and medium work rates but at higher work rate, heart 
rate ceases to be a thermometer and more closely reflects the 
activity level • 
. 
5. Hot environment places more stress on the cardiovascular 
system as a result of the increased requirement of the 
cutaneous circulation for heat dissipation. The increase" in 
heart rate due to increased environmental temperature during 
continuous constant medium work rate is gradual until 40 min 
of work after which the heart rate stabilizes. 
EXPIRED AIR VOLUME 
1. There were significant correlations between the expired air 
volum:e and the increase in work rate at different environ- "I 
mental temperatures and there was insignificant difference in 
expired air volume between different temperatures. 
2. There was significant correlation between expired air volume 
and the increase in environmental temperature before work, 
low work rate and medium work rate while at higher work rate 
the correlation became negative since at higher work rate, 
respiratory rate becomes a limiting factor. At lower heart 
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rate, these changes are less significant suggesting that 
respiratory rate is not operating as special control. 
3. The effects of increased work and increased environmental 
temperature on expired air volume at prework, low and medium 
work rate are additive such that each of these factor cause 
selective elevation of expired air volume. 
OXYGEN CONSUMPTION 
1. There was significant correlation between oxygen consumption 
and the increased work rate during work at different 
environmental temperature and there was insignificant 
difference in oxygen consumption at different environmental 
temperature. The maximum oxygen consumption level in 
comfortable and in hot conditions were not significantly 
different, Costill (1976) and Rowell et al (1969) theorttical 
explaination applies to the conditions and results of the 
present study. 
2. Oxygen consumption was unaffected by changes in environmental 
temperature during different work rates. 
ORAL TEMPERATURE 
1. There were significant correlations between oral temperature 
and factors like increased work rate, increased environmental 
temperature and increased exposure time especially at higher 
temperature. The effects of these factors on oral temperature 
are additive such that each of these factors cause selective 
elevati0n of oral temperature. An increase in work rate 
causes oral temperature elevation which is exaggerated by,,, 
moving to 40C dry bulb (50% rh). 
2. During graded work, there were significant differences in 
, oral temperature between 10 - 30C, 10-40C, and 20-40C at 
different work rates. Generally, there were significant 
difference in oral temperature during graded work at 4OC. 
During 60 min continuous constant work rate resulted in an 
increase in oral temperature of 1.40 more than working at 
30C and 1.9C more than working at 20C signifying increased 
metabolic load caused by heat. There were significant 
differences in oral temperature between 30C and 40C before 
~--------------------------------------------------------------------------, 
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and during work while the. differences between 20-30C and 
20-40C were significantlonly at the end of work. At·40C 
dry bulb condition, oral temperature was significantly 
different among different exposure time. 
3. Vasodilation and lowered body temperature results in a 
decreased oral temperature and heat dissipation is more 
efficient than heat generation. 
MEAN SKIN TEMPERATURE 
1. There were significant correlations between mean skin 
temperature and both increased work rate and increased 
environmental temperature. The effects of both factors on 
mean skin temperature are additive such that each of them 
cause selective elevation of mean skin temperature. There 
were significant difference in mean skin temperature among 
different environmental conditions at various work rates. 
2. The higher the ambient temperature, the less we can.tolerate 
the higher work rate and the effect of environmental tempera-
ture is to increase the load on cardiovascular system. Work 
plus heat imposes a secondary cardiovascular load and the 
critical skin temperature must be related to environmental 
load and work load. 
URINARY PH 
There was significant correlation between urinary 
pH and the increase in work rate at different environmental 
conditions (10-4{)C, 50% rh). The differences in urinary pH 
among different conditions at different work rate were 
insignificant. The general trend of urinary pH is to decrease 
as the environmental temperature increases but the correla~" 
tion is insignificant. However, at higher work rate, the 
urinary pH was slightly elevated. There were insignificant 
differences in urinary pH among different work rates at 
different environmental temperature. 
SALIVARY'PH 
1. There'was significant correlation between salivary pH and 
the increased work rate at 10C while at 20" 30 and 40C the 
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correlation were insignificant. However, urine -to- saliva 
ratio for pH correlates well with increased work rate at 100; 
200 and 300·. 
2. There were significant hegative correlations betweeb saliva 
pH and the increased environmental temperature (20-400) 
before work and at all work rates studied. However, salivary 
pH at 100 was lower than 200. 
3. There were insignificant differences in salivary pH among 
different environmental temperatures (at different work rates) 
and among different work rates (at all enviro~ental tempera-
tures studied). 
4. Salivary and urinary pH correlate well during increasing 
work rate at 100 and during increasing environmental 
temperature at 170 and 320 Wo 
5. Urine -to- saliva ratio for pH is more related to increased 
work rate than salivary pH alone while salivary pH is more. 
related to increased environmental temperature at different 
work rate than urine -to- saliva ratio for pH since there 
was insignificant correlation between urine -to- saliva 
ratio for pH with increased environmental temperature at 
all work rates studied. 
URINARY VOLUME 
1. There are significant negative correlations between urinary 
volume and factors like increased work rate, increased 
environmental temperature and increased exposure time. The 
effects of these factors on urinary volume are additive'such 
that these effects collectively cause selective depression 
of urinary volume. The effct of cold diuresis is reduced by 
the increase in the work rate. As the body gets hotter due 
to exercise and heat exposure, the urinary volume becomes 
lower. The significant differences in urinary volume among 
different exposed conditions and work rates were mainly at 
high.work rate and at highltemperature (30-400), respectivel;}'; 
There were significant differences in urinary volume between 
50% rh and both 60% and 85% rh at prework and during low 
work rate (at medium work rate, the correlations were 
insignificant). During 60 min work at 170W, there were 
significant differences in urinary volume between prework 
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and 'end' of work at all temperatures studied. 
2. The decrease in renal blood flow is a physiological 
adjustment involving a redistribution of blood flow from 
less active tissue to that metabolic ally more active and 
the reduction in urinary volume during exercise could be 
due to a reduction in glomerular filtration rate and sodium 
reabsorption. 
,. Urinary and salivary volumes have not been of significant 
value as the work does not relate to diuretic consequences 
URINARY CHLORIDE EXCRETION of the environmental exposure. 
1. There were significant negative correl9.tions between 
urinary chloride excretion and factors like increased work 
rate, increased environmental temperature, increased 
relative humidity, and increased exposure time. The effcts 
of these factors on urinary <~Ce?~ are additive such that 
these effects collectively cause selective depression of . 
urinary chloride excretion. The decrease in urinary chloride 
excretion is an indication of chloride retention by the 
kidneys leading to a rise in plasma chloride and much of 
the diminution is linked to the loss of chloride in sweat. 
The effects of heat and work and also increased relative 
humidity on urinary chloride excretion are less significant 
at higher work rate. The difference in urinary chloride 
excretion between ,OC and 40C during 60 min work was 
significant only at the end of work. 
2. In higher temperature conditions, much of the increased 
urinary chloride excretion could be due to sweat losses. 
Shifts in plasma chloride due to increased movement of 
chloride into exercised muscle will exaggerate the effects 
of the mentioned factors on urinary chloride excretion. 
URINARY CREATININE EXCRETION 
I 
1. There was significant correlation between urinary creatinine 
concentration and factors like increased work rate, increased 
environmental temperature and increased exposure time. The 
effects of these factors are additive such that they 
collectively cause selective elevation of urinary 
creatinine concentration. 
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2. Changes in urinary creatinine which are assiciated with 
changes in sustained levels of physical activity tend to be 
masked by the much greater effect on creatinine excretion 
rate due to changes in glomerular filtration rate. The 
present study indicates that creatinine is reflecting a 
considerable reduction in kidney filtration rate due to the 
environmental conditions •. 
URINARY UREA EXCRETION 
',. There were significant negative correlatiolB between urinary 
urea excretion and the increased exposure time (expressed as 
total mmol per sample) during 60 min work at 170 Wat 4OC, 50%rh 
Since the results obtained on urinary urea confirm. that of 
urinary creatinine, the mechanism must reflect glomerular 
function. 
SALIVARY UREA 
1. Prolonged work at 170 W for 60 min and increased environ-
mental temperature increase salivary urea significantly. The· 
effects of both factors are additive such that they 
collectively cause selective elevation of salivary urea. 
2. The increase in salivary urea secretion equilibrates with 
the decrease in urinary urea excretion. 
3. Urinary and salivary urea correlate significantly during 
increasing exposure time at 20C and increasing 
temperature at 20 min and 40 min work. 
URINE -TO- SALIVA RATIO FOR UREA 
environmental 
1. There was insignificant correlation between urine -to- saliva 
ratio for urea and the increased exposure time suggesting 
that saliva reflects the changes in plasma rather than 
urinary urea levels and thus the compensating mechanisms of 
glomerular filtration rate. 
2. There was significant negative correlation between urine -
to- saliva ratio for urea and the increased environmental 
temperature at the end of work. Thus, as the environmental 
temperature increases salivary urea secreti0n increases 
I 
I 
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relative to urinary urea excretion. 
URINARY SODIUM EXCRETION 
1. Increased work, rate, increased environmental temperature, 
increased exposure time and decreased urine volume decrease 
urinary sodium excretion significantly. The effects of these 
factors are additive such that they collectively cause 
selective depression of urinary sodium excretion, i.e the 
body tends to conserve sodium by increasing the rate of 
sodium reabsorption and decreasing sodium concentration in 
sweat. 
2. The rate of decrease in urinary sodium excretion decreases 
as the work rate increases and this rate between 20-30C is 
more than that between 30-40C conditions. It appears that 
at 220 W urinary sodium excretion is optimum. 
3. Long exposure to work and heat increases urinary sodium 
excretion during the first 20 min after which the changes 
become insignificant while during short exposure, the 
increase in environmental temperature reduces urinary 
sodium excretion suggesting a transient response. 
4. The rate of decrease in urinary sodium (60 min work at 170W) 
between 20-40 min is more than that between 4O-60Gmin. 
5. Short term exposure to heat and work appears to be an 
emotional problem in which the effect of exposure is 
transient and responses are less easily predictable. In 
long term exposure, we have the opportunity to reach a 
stable physiological state which can be related to environ-
mental conditions more specifically and thus be used to 
predict the effects on the body. 
SALIVARY SODIUM 
1~There were significant correlations between salivary sodium 
and factors like increased work rate, increased environ-
mental temperature and increased exposure time. The effects 
of these factors on salivary sodium are additive such that ,',I 
they collectively cause selective elevation of salivary 
sodium. 
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2. The·significant differences in salivary sodium are at 
higher work rate especially between 20-400 and 30-400. The 
increase in salivary sodium shows that plasma is getting 
more concentrated and that the body mobilizes more sodium 
as the subjects work harder. The significant difference in 
salivary sodium among different work rates occured mainly 
between 320 Wand other work rates which was obvious at 400. 
3. Generally, salivary sodium level returned to prework level 
after 20 min. recovery. 
4. As the environmental temperature increases, the rate of 
increase in salivary sodium, due to increased exposure 
time, increases. 
5. There are· significant correlations between salivary and 
urinary sodium during graded work (300 and 400 dry bulb), 
during increased exposure time (200 and 400) and during 
increased environmental temperature at the end of 60 min 
work. 
URINARY POTASSIUM EXORETION 
1. Increased work rate; increased environmental temperature 
and increased exposure time increase the urinary potassium 
excretion significantly. The effects of these factors are 
additive such that they collectively cause selective 
elevation of urinary potassium. The correlation between 
urinary potassium excretion and increased relative humidity 
was negative. 
2. The ·differences in urinary potassium excretion among 
different temperatur~are significant especially at higher 
work rate. The rate of increase in urinary potassium 
excretion due to increased work rate increases as the 
environmental temperature increases. At higher urine volume 
(low work rate), there was significant difference in 
urinary potassium excretion between 400 and other conditions •. 
As the environmental temperature increases, the rate of 
increase in urinary potassium excretion increases and it is 
higher at higher work rate. The rate of increase in 
urinary potassium excretion due to increased exposure time 
between 40-60 min work is lower'than between 20-40 min and 
a~ 400, it is higher than 200 condition. 
SALIVARY POTASSIUM 
1. There were'significant correlations between salivary 
potassium and factors like work rate, increased environ-
mental temperature and increased relative humidity. The 
effects of these factors are additive such that they' 
collectively cause se~ective elevation of salivary potassium. 
There was insignificant correlation between salivary 
potassium and the increased exposure time. 
2. Salivary potassium returned to prework level after 20 min' 
recovery period. 
3. There are significant correlatio~between urinary and 
salivary potassium during increased work rate at 300 (85% 
rh), increased exposure time at 200 (50% rh), and during 
increased environmental temperature (60 min work at 170 W) 
, 
at prework. 
URINARY Na+/K+ RATIO 
1. Urinary Na/K ratio decreases significantly as work rate, 
environmental temperature and exposure time increase!. The 
effects of these factors on urinary Na/K ratio are 
additive such that they collectively cause selective 
depression of urinary Na/K ratio. The decrease in urinary 
Na/K ratio is due to decrease in urinary sodium excretion 
relative to urinary potassium excretion. 
2. During the 60min work at 170 W, urinary Na/K ratio 
increased significantly during the first 20 min and then 
decreased as the environmental temperature increases. 
,. At 400 dry bulb, the rate of decreasei:\in, urinary Na/K ratio 
between, 20-40 min work is greater than between 40-60 min 
work. 
SALIVARY Na+;K+MTlm 
1. Salivary Na/Kratio correlates significantly with increased 
work rate, increased environmental temperature and increased 
exposure time. The effect of these factors on salivary N~ 
; , 
ratio are additive such that they collectively cause ' I 
selective elevation of salivary Na/K ratio. 
2., The differences in salivary Na/K ratio among different 
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conditions are significant only at higher work rate$, In 
the more extreme conditions mineral clearance increases. 
The increased salivary Na/K ratio must reflect plasma 
changes in which relative potassium has decrease indicating 
that there has been a better retention of tissue sodium or 
a marked increase in cellular potassium uptake. The rise 
in salivary sodium is much more than that of salivary 
potassium at different exposures and work rates. The rate 
of increase in salivary Na/K ratio is higher at the 
extreme conditions (100 and'400). 
3. The significant difference in salivary Na/K ratio occured 
mainly between 320 Wand other work rates and at the 
extreme conditions.·, 
4. As the body gets hotter, salivary Na/K ratio increases, 
i.e the increase in salivary sodium is more than salivary 
potassium indicating the increased plasma sodium. 
5. There is a selective retention of sodium relative to " 
potassium, so potassium is more easily lost, i.e;;1" it is 
an indirect measure of aldosterone and saliva is showing 
increased accumulation of sodium relative to potassium 
since the body is losing sodium in the sweat. 
6. There are significant correlations between salivary and 
urinary Na/K ratio during increased environmental tempera-
ture (at prework, 220W, and 270 W), during increased 
relative humidity (at 120 W) and during increased exposure 
time (at 300 and 40C dry bulb, 50% rh). 
7. Elevated values of salivary sodium, potassium and salivary 
Na/Kratio are indicative of overactivity of salivary 
glands and could be explained O~ the following basis: 
(a)It might be due to the general concentration of 
salivary components due to volatilization caused by 
forced ventilation during exercise. 
(b) It could be explained by increased penetration of plasma: 
components into the saliva as a result of increase in ! 
permeability of plasma-saliva barrier owing to stress. 
(c)Increased water reabsorption and decreased sodium 
reabsorption in salivary ducts system. 
(d}Increased potassium secretion in salivary ducts system. 
(e) Increased sympathetic activity via adrenergic receptors • 
•. -
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(f) Increased plasma potassium leading to increase in the 
"rate of potassium secretion in salivary glands. 
(g) The possible involvement of salivary kallikrein. 
URINE :':"TO- SALIVA RATIO· FOR SODIUM, POTASSIUM AND Na7K+RATIO 
1. There were significant negative correiations between'Urine 
to - saliva ratio for sodium (and for Na/K ratio) with both 
increased work rate amd increased environmental temperature. 
Urine -to- saliva ratio for potassium correlates insignific-
cantly with increased work rate and positively with 
increased environmental temperature. 
2. As the work rate and environmental temperature increase, 
there is more salivary sodium secretion relative to urinary 
sodium excretion. As the environmental temperature increases, 
there is more urinary potassium excretion relative to 
1<+ . 
salivary secretion. 
3. There was significant cmrrelation between urine -to- saliva 
ratio for potassium and the increased relative humidity 
above 50% rh. The correlation is positive at pre- and low 
work rate but negative at medium work rate. 
4. There were significant correlations between urine -to- saliva 
ratio for sodium (as well as potassium and Na/K ratio) and 
the increased exposure time during 60 min work at 170 W. 
At higmtemperature , as the exposure time increased, 
salivary sodium increases relative to urinary sodium, 
excretion while at ambient temperature (20C) urinary sodium 
excretion is more than salivary sodium secretion. At both 
20C and 40C conditions, as the exposure time increases, 
urinary potassium excretion is more than salivary potassium 
secretion. 
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From the present study it seems reasonable to accept 
that changes in saliva give a valid indication of the body's 
response to work and environmental stress. Within the 
limitations of this study, it is not clear that the salivary 
contents always show good correlations with urinary contents. 
However, an answer to the question, do urine or saliva show 
higher correlations with different exposures, can be _drawn 
rrom the following table in which S= saliva correlates more than 
urine, U= urine correlates more than saliva, B= both urine and 
saliva correlate with the exposure at the same level, N= neither'_ 
urine nor saliva correlate with'the exposure and U:S= urine _ 
to- saliva ratio correlates with the exposure more than urine 
and saliva):-
Exposure 
Table 43 
, UREA SODIUM POTASSIUM Na+/K+RATIO 
Graded work (4 min, 50% rh): 
A.t 100 
A.t 200 
A.t 300 
A.t400 
Increased environmental 
temperature: 
A.t 120W 
A.t 170W 
A.t 220W 
At 270W 
At 320W 
Graded work (20 min,300)c 
A.t 50% rh 
At 60% rh 
At 85% rh 
Increased relative humidity: 
A.t 120W 
At 145W 
At 170W 
Increased exposure time (60 min1 50%rh &170W): t 200 
At 300 
A.t 400 
Increased environmental 
temperature (60 min,50%rh, 
and 1,70W): 
At Prework 
At 20 min 
At 40 min 
A.t 60 min 
S 
N 
B 
N 
N 
S 
UitS 
u:s 
B 
U 
U:3 
U 
lJ.&U:S 
U 
U:S 
U 
S 
U 
U 
U 
N 
U 
U=S 
N 
U:S 
N, 
U 
H-
" le 
s 
s 
S 
B 
U 
U 
U 
lllS 
U 
U &U:S 
B 
B 
U:S 
S &U:S 
U:S 
S 
N 
U:S 
K: 
N,' 
K' 
U&U:S 
Uc:S 
'B 
U:13&U 
U:S&U 
U:S 
U 
U 
B 
U 
S 
UIS 
U &U:S 
Ni 
N 
NC' 
u:s 
U 
S 
N 
U 
U 
U 
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EXPERIMENT 1 (100 DRY BULB, 50% rh) 
. '. - . 
. / 
'. 
tl{ DETAII.8 OF SUBJECTS .. '-,' <.'; "', ,.: 
.. ", 
. '. 
subject age(y: ) weight (Kg) height(cm) 
A· 25 59.15 170.2 
B 30 59.80 165.5 
0 32 72.10 170.1 
D 32 71.40 172.0 
Mean 30 65.61 169.5 
S. D. +. 3 7 •. 1 2.77 
,. 
-1 U~ 
OHANGES IN HEART RATE ~b.min ~ 
. Subject Prework 120 W 170 W. 220 W 270 W 320 W 
A 65 110 120 120 125 .130 
B 75 90 110 110 120 130 
Cl 75 115 120 120 130 135 
D 65 100 115 120 130 140 
Mean 70 104 116 118 126 134 
S. + D.- P 11 .. ·5· 5. 5 5 
l' ,. ,~ OHANGES IN EXPIRED AIR VOLUME (L IlIllin) 
Subject Before 120 170 220 270 320 
Work Watts Watts Watts Watts . Watts 
A 7.0 13·9 16.0 . 35.5 41.5 63.2 
B 4.9 16.2 24.2 32.0 52.5 50.0 
0 4.8 15.0 26.0 31.2 56.0 65.0 
D 7.0 10.0 15.0 33.5 45.0 60.7 
Mean 5.9 13.6 20.3 33.1 48.8 59.7 
S.D~+. 
. -
1:.2 2.7 5.6 1.9 6.7 6.7 
Table 47 236 
CHANGES IN OXYGEN CONSUMPTION (L.,[m1W 
Subject Before 120 170 220 270 320 
Work Watts Watts Watts Watts Watts 
A 0.265 0.956 11.296 2.343 2.739 3.223 
B, 0.344 0.912 1i.630 1.870 2.856 2.990 
C 0.320 0.860 1.530 2.000 2.700 3.020 
D 0.280 0.970 1.440 1.959 2.749 2.980 
Mean 0.302 0.925 1.474 2.043 2.761 3.050 
S.D • .:!:: 0.036 0.049 0.142 0.207 0.067 0.114 
Table 48 
CHANGES IN MEAN SKIN TEMPERATURE ( C ) 
Subject Before 120 170 220 270 320 
Work Watts Watts Watts Watts Watts 
A 30.86 30.44 30.72 31.17 31.57 31.21 
B 29.57 29.23 29.40 29.69 32.61 ".42 
C 30.61 31.00 31.37 31.77 32.40 32.47 "' 
D 30.87 30.97 31.13 31.43 32.20 32.20 
Mean 30.48 30.41 30.66 31.02 32.19 32.33 
s. D • .:!:: 0.62 0.83 0.88 0.92 0.45 0.90 
Table CHANGES IN URINARY PH 
49 
Subject Before 120 170 220 270 320 
work Watts Watts Watts Watts Watts 
A 6.6 6.6 6.0 5.5 5.0 4.8 
B 5.2 5:.4- 5.5 5.2 5.0 5.2 
C 6.5 6.8 6.6 5.8 5.2 5.0 
D 6.0 5.8 5.8 5.2 5.0 5.0 
Mean 6.1 6.2 5.9 5.4 5.1 5.0 
S.D • .:!:: 0.6 0.7 0.5 0., 0.1 0.2 
'.' 
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Table 50 
CHAN<.1"ES IN URINE VOLUME' (ml)"': HAVING EMPTIE:Q_T,lDi; BLAllDER~BEFO:a~ WORK -
.- ' ~ -' ,-.-.~ -" . - .. -- _. _ .. ,- -
Subject 120 170 220 270 320 
\Ilatts \Ilatts Watts \Ilatts \Ilatts 
A 5.5 6.7 7.6 4.2 4.6 
B 5.9 5.8 5.3 5.0 5.0 
C 12.0 12.0 8.0 5.6 4.4 
D 10.7 8.2 7.0 6.2 5.4 
Mean 8.5 8.2 6.9 5.3 4.8 
S.D.± 3.3 2.7 1.2 0.9 0.4 
Table 51 LOSS IN \IlEIGHT (Kg ) 
Subject: A. B C D Mean S.D.,± 
Loss in \Ileight: 0.25 0.35 0.45 0.20 0.31 0.11 
Subj. I He£ore Work 120 
Na K Na/K Na 
A 5-00 20.0 0.25 5.0 
:a 5.0 20.0 0.25 5.0 
a 5.0 25.0 0.20 5.0 
D 5.0 16.6 0.30 5.0 
Mean 5.0 20.4 0.25 ~.O 
S.D .. ;!: 0.0 3.50 0.04 0.0 
Table 52 
CHANGES IN SALIVARY Na, K, AND Na/K RATIO ( Mmol./L. ) 
Watts 170 Watts 220 Watts 270 Watts 320 Watts 
K Na/K Na K Na/K Na K Na/K Na K Na/K Na K Na/K 
20.0 0.25 5.0 20.0 0.25 7.5 20.0 0.38 7.5 20.0 0.38 10.0 20.0 0.50 
25.0 0.20 5.0 25.0 0.20 6.7 25.0 0.27 6.7 27.5 0.24 7.5 30.0 0.25 
25.0 0.20 5.0 20.0 0.25 5.0 27.5 0.18 5.0 25.0 0.20 10.0 30.0 0.33 
16.6 0.30 5.0 22.5 0.22 5.0 22.5 0.2Z 5.0 20.0 0.25 10.0 21.6 0 •. 46 
21.7 0.24 5.0 21.9 0.23 6.~ 23.8 0.26\6.1 23.1 0.2'W\9.~ 25.4 0.40 
4 .. 10 0.05 0.0 2.4 0.02 1.3 3.2 0 .. 09 1.3 3.8 0.08 1.3 5.4 0.10 
I\) 
'>' 
CD 
Table 53 
CHANGSS IN MEAN URINARY P.A.RAMETERS AND URINE TO SALIVA RATIOS 
Nia 
WORK RATE UNIT URINAR~ N:I~N~Y KI ~~~~~Y ~ ... URINARY Cl URINARY URINARY N a URINARY K URINARY Na (WMTS ) CREATININE SALIVARY Na SALIVARl 1\ r 
--- .... -. --.--£ .. ". _. ~ --_. ~- .... -... " - . . ... _." SALIVARY Na 
Ir 
mmol/L 166.94- 69.50 229.90 12.80 
120 2 •. 402 33.40 3.20 ."10 9 00 
" 
mmol 1.4-24- 0.593 1.961 0.109 
-
mmol/L 134.4-0 68.40 • , 184.10 12.6 
170 - 1.964 26.90 3.12 , a.·54· , , 
mmol 1.098 0.559 1~504 0.103 
mmol/L 151.70 62.90 228.20 11.37 
220 2.411 24-087 2.64- '. 9 .. 27 .. , 
mmol 1.054 0.437 1.586 0.079 
mmol/L 109.70 66.70 159.6 15.2 
270 1.645 ·17098 2.88 /: 6009 , , 
mmol 0.541 0.329 0.787 0.075 
mmol/L 117.10 79.00 131.30 16.70 
320 1.0482 1'2.:46 3.11 3071, . 
mmol 0.547 0.369 
-
0.613 0.078 
24-0 
EXPERIMENT 2 ( 20 C, 50 % RH. ) 
. CHANGES IN EXPIRED AIR VOLUME ( L/min ) Table 54-
Subject. Before 120 W 
Work 
170W 220 W 270 W 320 W 
A 3.6 13.0 16.0 35.5 41.5 63.2 
B 4.8 13.5 22.0 32.5 36.0· 51.2 
'C 3.9 14.5 17.5 33.5 39.5 58·5 
D 4.8 16.0 21.1 37.2 . 48.2 56.0 
Mean 4.3 14.3 19.2 .34.7 41.3 57.2 
S.D • .! 0.6 1, •. 3 2.9 2.1 5.1 5.0 
CHANGES IN HEARTRATE
u 
(b.min-'I) Table 55 -.--_ .. _ .. -
Subject Prework 120\-1 170\-1 220\-1 270\-1 320\-1 
A 80 95 110 115 125 130 
B 80 90 110 130 135 165 
C 80 105 120 125 125 150 
D 65 100 120 150 170 170 
Mean 76 98 115 130 139 154-
s. D. + 7 6, 6 14 21 18 
-
CHANGES IN OxYGEN CONSUMPTION ( L/min ) Table 56 
Subject Before 120 W 170 W 220 W 270 W 320 W 
Work 
A 0.317 0.956 1.296 2~343 2.739 3.223 
B 0.257 0.689 1.287 1.901 2.903 2.867 
C 0.265 1.066 1.418 1.959 2.048 2.282 
D 0.425 1.176 1.709 2.520 2.958 3.276 
Mean 0.316 0.971 1.428 2.181 2.662 2.912 
S.D • .! 0.08 0.21 0.19 0.29 0.42 0.46 
CHANGES IN ORAL TE'1PERATURE ( C ) Table 57 
Subject Before 120 W 170 W 220 W 270 W 320 W 
Work 
A 36.10 35.80 36.00 36.00 36.,0 36.20 
B 36.50 36.30 36.20 36.40 36.50 36.40 
C 36.00 36.00 36.00 36.00 36.20 36.30 
D 36.30 36.40 36.30 36.30 36.10 36.70 
Mean 36.23 36.13 36.13 36.18 36.28 36.40 
S.D • .! 0.22 0.28 0.15 0.21 0.17 0.22 
24-1 
Table 58 
CHANG:ES IN MEAN SKIN TEMPERATURE (C) 
Subject Before 120 \l 170 \l 220 \l 270 \l 320 \l 
\lark 
A 32.67 32.73 32.95 33.33 33.29 33.4-5 
B 32.96 32.90 33.06 33.18 33.21 32.64-
C 31~89 31.66 31.94 32.18 32.64- 32.85 
D 33.13 33.20 32.95 33.33 33.35 33.45 
Mean 32.66 32.62 32.73 33.01 33.12 33.09 
S.D.± 0.55 0.67 0.53 0.55 0.33 0.42 
Table 59 
CHANG:ES IN URINE PH 
Subject Before 
\lark 
120 \l 170 \l 220 \l 270 \l 320 \l 
A 6.10 6.30 6.50 6.00 5.40 5.4-0 
B 6.20 6.00 5.80 5.60 5.40 5.20 
C 6.00 6.00 5.80 5.5,0 5.50 5.20 
D 6.10 6.00 6.60 6.90 5.70 5.40 
Mean 6.10 6.10 6.18 6.00 5.50 5.30 
S.D.± 0.08 0.15 0.43 0.64 0.14 0.12 
Table 60 
CHANG¥S IN URINE VOLUME (ml) -HAVDlG EMPTIED THE BLADDER BEFORE_VlORK-
Subject 120 VI 170 \l 220 \l 270 \l 320 \l 
. -. 
A. 15.00 10.60 11.4-0 5.00 5.00 
B 9.80 8.00 6.60 5.40 8.40 
C 7.00 7.00 6.20 5.00 8.40 
D 6.00 7.40 6.00 7.30 6.00 
Mean 9.45 8.25 7.56 5;.68 6.95 
S.D;± 4.0 1.6 2.6 1.1 1.7 
LOSS IN WEIGHT (Kg~ Table 61 
Sub,ject A Eo C D Mean S.D. ± 
Loss in weight 0.25 0.4-5 0.25 0.20 0.30 0.11 
Table 62 
CHANG:ES IN SALIVARY Na, K AND Na/K RATIO (mmol/L) 
SB.; BlEFOR WORK 120 WATTS 
. 1'10 WATTS 220 WATTS 270 WATTS 320 WATTS 
N8 KNa/K Na K Na/K Na K Na/K Na K Na/K Na K NaLK Na K Na/K 
A 10',-;>0 0 .. <; 10.0 ~2 .. S 0 ,~1 10.0 ~S.O 02Q 12,S 26 .. 60.4? 1S.0 42 SO,,~S 10,.0 ':>1"..'7 () .... A 
B'5.0 30 0.17 7.5 35.0 0.21 10.0 37.5 0.27 6.25 31.7 0.20 10.0 35.0 0;29 10.0 40.0 0.25 
C 7~5 320.23 5.0 22.5 0.22 6.25 27.5 0.23 7.5 31.7 0.24 12.5 65.0 0.19 7.5 3}.3 0.2} 
D 5.0 25 0.20 10.0 30.0 0.33 10.0 25.0 0.40 10.0 40.0 0.25 15<>9 . 42.5 0.40 7.5 45.0 0 .. 17 
Mean '1'26, 0.2'7r 8.13 30.0 0.27 <)001 31.;0.30 9 .. 06 32.5 0.30 13.0 46.1 0.31 8.8 ' 36.3 0 •. 26 
S. D • .:!: 2 .5 0.15 2.4 5.4 0.06 1.8 5.9 0.0'/ 2.77 5.5 0.'12 2.4 13~0 0.09 1.4 7.9 0.09 
-Table 63 
CHANGE:> IN MEAN URINARY PARAMETERS AND URINE TO SALIVA RATIO 
. 
Na URINARY Na URINARY K URINARY NE WORK RATE UNIT URINARY Na URINARY K URINARY . lmINARY C1 URINARY 
( WATTS ) r CREATININE SALIVARY Na SALIVARY K . SALIVARYNa 
mmol/L 164.60 74.40 230.19 13.39 
. 
1.2Q. .2~212 20.24' 2.48 8.40 
I 
mmo1 1.745 0.789 2.440 0.142 
.. mmo1/£ . '17;;90" . .• 64-;00-' .' '""- .".~ .. . 18S.-n· . 12"".8,- . . . .. 
170 2.692 19430 20 06 8.97 
mmo1 1.435 0.533 1.557 0.106 
mmol/L 114.04 64.77 199.47 11.66 
220 1;.761 12.58 1.99 ?8.7 .. 
-
--
mmol 0.861 0.489 1.506 0.088 
.. 
"liimol/L 112.90 84.3 213.·56 14.08 
270 . 8.68 1.83 4.32 i ;1~339 ., 
mmol 0.641 0.479 1.213 0.080 
mmol/L 92.90 96.26 163.02 13.09 
',20 0~965 10.60 2.65 3.71 
mmo1 0.646 0.669 1.133 0.091, I 
I 
I 
EXPERIMENT 3 (' 30C DRY· BULB; 50% rh) 
Table 64-
CHANGES IN HEART RATE (b.min-1) 
Subject Prework 120W 1·70W220W 270W 320W 
A 85 100 110 1130 140 14-0 
B 85 100 110 120 125 125 
C 90 110 110 150 170 185 
D 90 105 110 140 150 160 
Mean 88 103 110 135 146 153 
+ s. D. - 3' 4- 13 19 26 
Table 65 
CHANGES IN EXPIRED AIR VOLUME ( L/inim ) 
SUBJECT BEFORE 120 W 170 W 220 W 270 W 320 W 
. WORK 
A 7.0 20.0 25.0 4-2.5 46.5 60.0 
R 9.6 22.0 26.0 4-0.0 50.5 59.2 
C 6.6 17.0 21.1 28.0 4-2.0 51.0 
D 6.4- 14.5 23.0 28.3 44.0 52.0 
Mean 7.4- 1.8.4 23.8 34.7 45.8 55.6 
S.D. + 1.5 3.3 2.2 7.6 3.7 4-.7 
Table 66 
CHANGES IN OXYGEN CONSUMPTION(L/min) 
SUBJECT BEFORE 120 W. 170 W 220 1,1 270 W 320 W 
WORK 
-
A 0.305 1,.020 1.352 2.168 2.720 3.010 
B 0.471 1.122 1.463 2.06.6 2.499 2.753 
c 0.260 0.696 1.050 1.274- 1.950 2 •. 470 
D 0.220 0.290 0.900 1.190 2.100 2.3?0 
Mean 0.314 0.782 1:.191 1.:675 2.320 2.651 
S.D. + 0.11 0.37 0.26 0.51 0.35 0.29 
244 
Table 67 245 
CHANGES IN ORAL TEMPERATURE ( a ) 
SUBJECT BEFORE 120'01 170 '01 220 '01 270 '01 320 '01 
WORK 
A. . 36.50 36.50 36.70 36.90 36.90 37.00 
B 37.20 37.20 37.30 37.30 37.40 37.50 
C 36.20 36.60 36.90 36.60 36.70 36.30 
D 36.30 36.40 36.50 36.90 36.70 36.60 
Mean 36.55 36.68 36.85 36.92 36.93 36.90 
S.D • .± 0.45 0.36 0.34 0.29 0.33 0.52 
Table 68 
CHANGES IN MEAN SKIN TEMPERATURE (C) 
SUBJECT BEFORE 120 '01 170 W 220 W 270 W 320 W 
WORK 
A 34.95 35.37 35.38 ·35.99 36.12 35.03 
B 34.00 34.06 34.90 35.21 35.57 35.52 
C 35.02 35.14 35.38 35.91 35.90 35.74 
D 33.87 34.13 34.22 34.92 35.29 35.21 
Mean 34.46 34.68 34.97 35.51 35.72 35.40 
s.D • .± 0.61 0.68 0.55 0.53 0.37 0.32 
'l'able 69 
CHANGES IN URINE PH 
SUBJECT BEFORE 120 '01 170 W 220 W 270 W 320 W 
WORK 
A 6.2 5.8 5.7 5.5 5.5 5.6 
E- 6.7 6.5 6.5 ,.8 5.5 5.5 
C 6.3 6.5 6.0 5.9 5.; 5.5 
D 5.7 5.5 5.5 5.4 5.4 5.4 
Mean 6.2 6 .. 1 5.9 5.7 5.4 5.5 
S.D • .± 0.4 0.5 0.4 0.2 0.1 0.1 
Table 70 
CHANGES IN URINE VOLUME {m12- HAVING EMPTIED THE 
BLADDER JUST BEFORE STARTING WORK-
SUBJECT 120 W 170 W 220 W 270 W 320 W. 
A 5.0 5.0 5.0 3.0 2.0 
B 5.0 5.5 4.0 2.5 3.0 
C 5.0 11.0 6.0 3.6 1.8 
D 7.0 5.2 5.0 30 0 1.8 
Mean 5.5 6'.7 5.0 3.0 2.2 
S. D. ± 1.0 2.9 0.8 0.5 0.6 
Table 71 
LOSS IN WEIGHT (Kg) 
SUBJECTt A B C D Mean S.D. ± 
LOSS IN WEIGHT: 0.25 0.50 0.50 0.40 '0~41 r 0.11 
1 
j 
I 
: , 
~J 
r 
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Table 72 
CHANGES IN SALIVARY Na, K, AND Na/K RATIO (mmol/L) 
SUBJECT BEFOR WORK 120 WATTS 170 WATTS 220 . WATTS 270 WATTS 320 WATTS 
Na K Na/K Na K Na/K Na K Na/K Na K Na/K Na K Na/K Na K Na/K 
A 1000 20.0 0.50 15.0 20.0 0.'75 10.0 2205 0044 10.0 22.5 0.44 10.0 22.5 0.44 12.5 25.0 0.50 
B 10.0 40.0 0025 7.5 40.0 0.19 10.0 45.0 0022 12.5 42.5 0.29 13.3 40.0 0.33 12.5 45.0 0.28 
a 705 2205 0033 5.0 2500 0020 10.0 25.0 0 040 705 22.5 0.33 1000 25.0 0.40 7.5 27.5 0.27 
. 
D 1000 33.8 0.30 5.0 22.5 0.22 7.6 20.0 0.38 500 25.0 0.20 705 30.0 0.25 8.8 22.5 0~39 . 
Mean 9.4 29.1 0.35 801 26.9 0034 9.4 2801 0.36 8.8 28.1 0.32 10.2 29.4 0.36 10.3 3000 0 036 
s. D • .± 103 9.4 0.11 407 8.9 0027 103 1104 0009 3.2 9·7 0.09 2.4 7·7 0008 206 10.2 0011 
----
Table 73 f\) 
-I'" 
CHANG:ES IN MEAN URINARY PARJJ1ETERS AND URINE TO SALIVA RATIO co 
Na' 
URINARY Na URINARY K URINEri 
\lORK RATE UNIT URINARY Na URINARY K URINARY Na/K URINARY Cl URINARY SALIVA~ ( WATTS ) CREATININE SALIVARY Na SALIVARY K 
mmol/L 184.50 79.10 261.09 22.55 
120 2.·332 22.7'1 2.94 ' '6".86 
mmol 1.015 0.435 1.436 0.124 
mmol/L 145.89 78.77 236.14 20.08 
170 1 .. 852 15·52- 2.80 5.14 
mmol 0.763 0.412 1.235 0.105 
mmol/L 102.20 79.60 189.00 17.80 
. 
220 '1.284 11.61 2.83 4.01 
mmol 0.511 0.398 0.945 0.089 
. 
imnol/L 57.09 74.60 149.17 24.42 
270 0..765 " 5.59 2.5'4 2.13 
mmol- 0.173 0.226 0.452 0.074 
J 
mmol/L 57.67 111.16 136.28 32.09 
, 
320 0.528 5.5:9 3.71 1.4~l . , 
mmol 0.124 0.239 0.293 0.069 
I 
. 
249 
EXPERIMENT·4 (40C DRYBULB,5br~) 
Table 74 
CHANGES IN HEART.RA.TE ~b'!>min-1~ 
Subject Prework 1201,1 1701,1 2201,1 2701,1 3201,1 
A 80 110 125 150 145 140 
B 80 125 130 140 145 165 
C 90 115 130 140 145 . 150 
D 85 115 120 130 140 150 
r1ean 84 116 126 140 144 151 
+ S~ D.- 5, 6 5 8 2 10 
Table 75 
CHANGES IN EXPIRED AIR VOLUr1E (L/min) 
SUBJECT BEFORE 120 1,1 170 1,1 220 1,1 270 1,1 320 1,1 
1J0RK 
A 8.00 19.00 27.00 30.50 48.00 50.00 
B 7.14 16.00 10.50 34.50 50~00 47.00 
C 9.40 14.50 22.00 39.00 50.00 52.00 
D 9.40 21.00 19.00 40.00 53.50 58.00 
Mean 8.49 17.63 19.63 36.00 50.40 51.80 
S. D. + 1.1 2.9 6.9 4.4 2.3 4.6 
Table 76 
CHANGES IN OXYGEN CONSUMPTION (L/min) 
SUBJECT BEFORE 120 1,1 170 1,1 220 1,1 270 1,1 320 1,1 
1J0RK 
A 0.152 0.324 0.497 1.258 1.697 2.990 
B 0.470 0.990 1.290 2.000 2.900 3.200 
C 0 •. 400 1.066 1.600 2.100 2.660 2.800 
D 0.220 1.170 1.440 1.500 2.300 3.270 
Mean 0.310 0~888 1.206 1.715 2.389 3.065 
s. D. + 0.15 0.38 0.49 0.40 0.52 ' 0.21 
Table 77 250 
OHANGES IN ORAL TEl1PERATURE { 0 ~ 
SUB~BEJl'ORE 120 W 170 W . 220 W 270 W 320 W 
WORK 
A 36.90 37.00 37.40 37.50 37.70 38.00 
B 37.00 37.00 37.30 37.30 37.90 38.00 
0 36.80 36.90 37.30 37.40 37.50 37.90 
D 36.60 37.00 37.20 37.20 37.20 37.90 
Mean 36.88 36.95 37.33 37.40 37.65 38.08 
SoD'.±0.09 0.06 0.05 0.08 0.19 0.29 
Table 78 
OHANGES IN MEAN SKIN TEMPERATURE ( o ) 
SUBJEOT BEFORE 120 11 170 W 220 Y nO Y 320 Y 
YORK 
A', 36.21 36.89 37.06 36.93 37.29 37.68 
B 36.38 36.48 ,36.59 37.01 37.10 36.50 
0 36.00 36.48 36.60 37.07 37.08 37.06 
D 36.16 36.35 36.51 36.89 36.89 36.71 
Mean 36.19 36.55 36.69 36.98 37.09 36.99 
s. D. + 0.16 0.23 0.25 O. 08 0.16 0.52 
Table 79 
CHANGE3 IN UlliNE PH 
BEFORE ' - . -SUBJECT 120 W 170 W 220 W 270 W 320 Y 
WORK 
A 5.30 5.20 5.00 5.00 5.00 5.20 
B 5.60 5.60 5.50 5.50 5.50 5.50 
0 5.40 5.30 5.30 5.;0 5.;0 5.40 
D 5.43 5.37 5.27 5.27 5.27 5.45 
Me'an 5.43 5.37 5.27 5.27 5.27 5.39 
So Do + 0.12 0.17 0.21 0.21 0.21 0.13 
Table 80 251 
CHANGE3 IN URINE VOLUI1E (ml) - HAVING EMPTIED THE BLADDER , . 
JUST BEFORE STARTING WORK -
SUBJECT 120 1,1 170 1,1 220 1,1 270 1,1 320 1,1 
A 5.40 4.60 4.00 1.80 1.40 
B 4.90 4.00 2.70 1.20 1.00 
C 5.24 3.60 3.70 2.42 1.28 
D 5.18 4.07 3.47 1.81 1.14 
Mean 5.18 4.07 3.47 1.81 1.21 
S. D. + 0.21 0.41 0.56 0.49 0.17 
Table 81 
LOSS IN WEIGHT (Kg) 
SUBJECT: A B C D Mean S. D. ;!: 
LOSS IN'WEIGHT: 0.40 0.80 1.15 1.15 0.82 0.36 
CHANGE3 IN SALIVARY pH (EXP.1-4) 
SUBJECT A. B 
Prework 
C D MEAN S.D.+ 
100 6.90 6.80 7.25 7.00 6.99 0.19 
20C 6.80 6.50 8.00 7.60 7.23 0.69 
30C 6.80 6.80 7.10 6.80 6.88 0.15 
40C 7.20 5.80 7.00 7.00 6.75 0.64 
1201,1 
100 6.90 6.70 7.15 6.95 6.93 0.18 
20C 6.80 6.50 8.20 7.45 7.24 0.75 
30C 6.60 6.70 6.90 6.50 6.68 0.17 
40C 6.80 6.00 7.00 6.75 6.64 0.44 
1701,1 
100 7.00 7.20 7.10 7.10 6.95 0.11 
20C 6.80 6.50 8.20 7.45 7.24 0.75 
30C 6.80 6.80 ~7.00 6.80 6.85 0.10 
40C 6.95 6.50 6.80 6.95 6.80 0.21 
'I 2201,1 
100 7.00 7.30 7.20 7.20 7.18 0.13 
20C 6.75 6.80 7.70 7.35 7.15 0.46 
30C 6.90 6.90 7.10 6.80 6.97 0.15 
40C 6.70 6.90 6.75 6.90 6.81 0.10 
2701,1 
100 6.95 7.30 7.20 7.25 7.25 0.05 
20C 6.70 6.90 7035 7.40 7.09 0.34 
30C 6.90 6.90 6.95 7.00 6.94 0.05 
40C 6.65 7.00 6.70 6·70 6.76 0.16 
3201,1 
0.35 100 6080 7030 7.00 7.60 7.18 
20C 6080 6.85 7.35 7.55 7. 14 0037 
300 6080 6.80 6.60 7.10 6.83 0.21 
400 6.65 6.65 6.70 6.'75 6.68 0005 
Table 82 
CHANG:BS IN SALIVARY Na, Kt AND Na/K RATIO ( mmol/L ) 
.l)EJfU= woRK 120 WATTS 170 WATTS 220 WATTS 270 WATTS }20 WATTS 
SUBJECT Na K Na/K Na K Na/K Na K Na/K Na K Na/K Na K Na/K Na K Na/K 
A 7.5 22.5 0.}3 7.5 22.5 0.3} 7.5 25.0 O.}O 7.5 27.5 0.27 10.0 27.5 0.36 27.5 40.0 0.69 
~ 
B 7.5 32.5 0.23 7.5 22.5 0.33 705 35.0 0.21 12.5 27.5 0.45 17.5 27.5 0.64 25.0 25.0 1.00 
C 10.0 41.7 0.24 12.5 40.0 0.31 10.0 35 0.29 7.5 40.0 0.19 15.0 40.0 0.38 15.0 47.5 0.64 
D 10.0 20.0 0.50 7.5 35.0 0.21 10.0 25 0.40 15.0 40.0 0.38 12.5 40.0 0.31 22.5 37.5 0.55 
Mean 8.75 29.2 0.3} 8.75 30.0 0.30 8.75 }O 0.30 10.6 3}.8 0.32 13.8 33.8 0.42 22.5 37.5 0.72 
a. D. + 1.44 9.90 0.13 2.50 8.8 0.12 1.4 5.8 0.08 3. 8 7·20 0.12 3.23 7.20 0.15 5.40 9.40 0.19 
Table 83 
CHANGES IN MEAN URINARY PARAMETERS AND. URINE TO SALIVA RATIO 
\JORK RATE UNIT URINARJ: URINARY URINARY URINARY, URINARY U IUl'IAlfI .l'i a 
-( \JATTS ) Na K SalK Cl CREATININE SA ,VAli.L 1'Ia 
mmol/L 161.97 133.60 243.63 20.08 
120 < 10212 1&.YI 
mmol 0.839 0.692 1.262' 0.104 
lDmol/L 133.16 98.03 212.04 21.62 
170 1' .. 358 I 15.22 
mm01 0.542 0.399 0.863 0.088 
mmo1/L 127.10 148.99 241.79 ; 25.07 
220 0.853 11 .. 99 
mm01 0.441 0.517 0.839 , 0.087 
mm01/L 90.05 176.80 210.49 29.83 
270 '0.509 6.5B 
mm01 0.163 0.320 0.381 0.054 
mm01/L 103.50 168.40 235.96 42.11 
320 0.615 4.60 
mm01 0.118 0.192 0.269 0.048 
IAlfI ~ 
SALIVARY K 
4.45 
3.92 
4.41 
5.24 
4.49 
iliI ~a/JI. 
SA.l.J.I. 'I AliY 1'1 al K 
4.04 
405:3 
2.67 
1.21 
-
'0 .. 85 
-
I\) 
\J1 
\>I 
I 
I 
I 
I 
254 
~ ~. " 
EXPERIMENT 6 (,OC, 60% rh) 
EXPERIMENT 7 (,OC, 85% rh) 
DETAILS OF SUBJECTS Table 84 
SUBJECT Age (y) \.Ieight (Kg) Height (cm) 
A 33 65.75 170.40 
B 30 74.20 168.20 
C 27 66.80 169.70 
D 25 70.50 173.00 
Mean 29 69.31 170.33 
S. D. + 3 3.8 2.0 
. 
. Prework 
120 VI 90 122.5 3B.7 4.74 20.0 2.45 1.94 77.9 9.55 8.75 26.4 0.33 4.4 0.8 5.83 
30C 
. 
Recover;y 80 57.3 75. 1 4.30 34.9 1.99 2.15 147.9 
177.0 
5.56 26.1 0.21 13.5 1.3 10.10 and 
145 VI 100 40.5 48.3 1.95 86.7 3.51 0.56 10.00 25.B 0.39 4.8 
Recovery 70 22.6 B3.5 1.89 46.7 1.06 1.79 155.6 3.52 7.92 27.5 0.29 10.6 1.7 6.21 
170 VI 110 19.8 155.8 3.09 108.9 2.16 1.43 236.4 4.69 11.67 28.3 0.41 13.4 3.B 3.47 
Recovery 80 18.2. 153.4 2.79 80.B 1.46 1.91 294.5 5.35 11.25 26.3 0.43 13.6 3.1 4.44 
50% 
rh,. 
Prework 80 42.0 119.2 5.01 63.3 2.66 1.89 186.7 7.84 6.25 32.5 0.19 19.1 1.9 9.84 Exp.6 
120 VI 100 51.5 76.4 3.93 53.4 2.75 1.43 127.6 6.57 6.25 28.8 0.22 12.2 1.9 6.59 30C 
Recovery 80 38.3 61.3 2 •. 34 45.0 1.72 1.36 108.9 4.16 6.25 33.8 0.19 9.8 1.3 7.35 and 
145 VI 105 17.7 95.5 1.69 103.1 1.82 0.93 190.5 3.37 8.75 30.0 0.29 10.9 3.4 3.17 60% 
Recovery 80 14.0 128.9 1.81 108.2 1.52 1.19 244.6 3.42 5.00 28.8 0.17 25.8 3.7 6.84 rh 
170 VI 110 11.8 123.7 1.45 121.8 1.43 1.02 243.6 2.86 21.25 33.B 0.63 5.8 3.6 1.61 
-
Recovery 80 8.3 110.2 0.92 129.9 1.08 0.85 239.2 1.99 7.08 30.0 0.24 15.6 4., 3.59 
Prework 80 60.0 62.2 4.99 129.9 3.38 1.48 116.6 6.99 10.00 27.1 0.37 6.3 4.8 4.01 f.:.-,.;"",..----/-;:~I_=""_h:;;::;__::rl_;;__;""'_n;:~_h=;__;;;rr_::;_;=n_I_A;~rl_r_F'h"t_n'7Vi"-;""'rrl__;:;_""""h"'rl_"'+;=_;:,..,_ Exp .·7 120 VI 100 41.0 111.1 4.55 70.0 2.89 1.57 159.5 6.54 7.92 27.~ 0.28 14.0 2.5 5.55 300& 
Recovery 80 36.0 89.3 3.21 65.1 2. ~4 1.37 1 0.9 6.16 7.50 27.' 0.27 11.9 2.4 .02 
145 W 110 25.5 84 •. 'i 2.12 60.0 1.5 1.42 1'15.1 4.98 15.0 2. 0.46 t.7 1.c .06 85% 
HecoveryleO 11e •. o 'lOO.? 'l.e1 '/'1-.4- 'I.?" 'I.?? 'Itl?b ??'I '/.? 14-. 0.~2 1?4- ~ • .- t.'I~ 
rh 170 'vi 12012.2 47.7 0.58 57.1 0.6c 0.84 26.4 3.12 12.1 ,3.8 0.36 ".9 1. 2.34 
Table 85. CHA.N(7ES IN MEAN URINARY AND SALIVARY PARAMETERS 
I\) 
V1 
V1 
SUBJECT 
A 
B 
C 
D 
Mean 
S. D. + 
EXPERIMENT 8 (20 c. 50"t6 RH ) 
EXPERIMENT . 9 (30 C, 60% RH ) 
EXPERIMENT 10 ( 40 C, 85% RH ) 
Table 86 
DETAILS OF SUBJECTS 
AGE (Y) WEIGHT (kg) HEIGHT (cm) 
27 60.50 166.70 
30 67.40 170.50 
30 65.70 164.70 
28 70.70 169.50 
29 66.08 167.85 
1.5 4.3 2.65 
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13EFOP-S WORK 60 36.7 23.7 122.0 2.895 25.;0 0.599 4.8?2 80.9 1.92 5.95 p.141. 128.27. 3.0'· 12.5 28.75 0.435 8.0 9.7· 0.88 11.1 ·16.03 
;; t:i::>. 1;;5 36.7 
110 tit: 87 ;6.8 I , 
1:5 ni::. 
13.8 28.75 0.48 5.1 ti 
68 ,6.8 .. I I . : 20 ;:,:'::J. 98 37.0 14.6 61.6 0.900 47.30 0.691 1:.30? 99.9 1.46 10.0 b.146 70.54 1.0; 16., 26.0 0.627 4.6 3.8 1.82 2.08,15.33 
2.5 :::Un ')8 37.0 I 30 mi::>. 99 37.1 14.17 25.0 0.567 6.7 I 
35 nin 100 37.2 . 
, 
r" =1:0. 104- 37.2 12.5 77.6 0.970 49.9 0.624 1;600 126 1.59 6.32 0.079 108.0 1.35 16.25 25.0 0.650 5.9 4.8 1.99 2.46 18.31 , 4C:::: ... -l,,-\ ~04 37.2 ,/ ...... -
150 ::lin 1()4. 37.2 .... 10.8 25.0 9.432 6.4 I 
-;04- 37.2 155 oin 
160 ::ill. 1104 137.2 11.0 80.0 0.880 50.6 0.557 1.581 110 1.21 11.4 0.202 11~~5·.4 12.49 1,.8 25.0 0.552 7.0 5.8 2.02 2.86 162.2 
le 
"'in 
165 
/ 
:U;CO'iERY 36.9 
10 ni::. 
::U::CCVERY 65 35.7 11., 27·5 0.41.0 6.1 
15 =.i::. 
~COV72..Y 60 36.6 1 
(20 :-o.in 
~:soo··r£'HY 60 36.6 6.8 11;.6 0.770 107.7 0.73 1.055 219 : 1 .• 49 4.1 0.028' 142 •. 6 0.967 10.0 18.8 0.53b 5.5 11.~ 6.0( 1.99. 21.94 
Table 87. CII.\.';GES III URINARY J.ND SllIVARY PAfulliETERS (EXP. 8) 
, 
" ~ 
" 
co 
r 
..., ~ ~ '" '" '" ~ co co ~ i !>4~ ~ " ... " G> .. " z Z'?;i "''' [;J "  0 '" '" '" .... ... " " ~ " Iz; 104 Z r..::> 01 ..., '" > Iz; :;" 104 104 Iz; 0 0 <I <I P ~ to ~ti 1; p~ '" ~ ~ ~ ~ ~Ii;~ .... ~ ~ ~ ~ p >:: ~ I» ~~ I» t.'~ ~~ ~ ~~ >. ~!1~ 1»>'1 I» .. , rn ~ " ,. " ,~ 1-1 ... " ,,~ ,,~ .... , ~~ ,,~ '" '" > .... ~8 C,> "" e ... ...,~ ~ co ..... ..... .. ... .. .... .. " .... "' ... CJ..., ... "..., .... " .... > .... > .... :- .... 0 ~ ..... "'I''"' 0: :> ' "<1 .... <I~ <10 <10 <10 <10 .;l <10 .;l0 ""0 <1"0 <10 <10 .... 0 .... 0 ;:j -;;:m ........ ........ ........ " .... "'" "'0 ....... ~! ~! <!~ ~! ~! ~! .... "~ ...."m ~! ~! ~! ~m " " ~~ ~I:.~ ~ 0.0 " ~~ ~ ~~'-J Jj r!1...., ,:/. 'Q~ P ~"'~ O~ p~ b 0 BEFORE 66 36.2 13.1 112.9 1.48 83.4 1.092 1.353 171.4 2.24:> 21.2~ 0.27~ 456.11 5.';j8 5.0 2«',5 0.222 b.3 "«.0 3.7 6.1 7 .4-1oi0?.K 
5 min 104 36.4 
10 min 117 36.6 10.0 26.;. 0.380 10.7 . 
. 
15 min 121 36.8 I 
" " 13.560 14.84 0.316 345.31 7.36 7.5 30.0 0.25'0 7.9 15.7 2.8 5.7 4-3,7 20 ::in 116 ,6.9 21.3 117.8 2.51 82.6 1.760 1.26 167.1 I' 
25 min 117 37.2 " 
~O nin 104 37.2 10.9 25.0 0.4~6 5.7 
35 ::!in 106 37.4 
40 min 11-., 37.4 22.8 68.6 1.56 57.6 1.310 1.191 114.7 '2.615 11.08 0.252 142.02 3.23 10.0 ' 26.3 0.380 6.6 6.9 2.2 3.1 21.5 
45 min 121 37.5 
50 min 125 37.4 ' , 10.0 26.; 0.380 7.0 
55 min 12C 37.4-
60min 127 37.5 10.8 124.7 1.:;4 128.4 1.380 0.,971 226.9 2.450 29.39 0.316 ;62.79 3.90 12.5 28.8 0.434 6.9 10.0 4.5 2.2 52.6 
5 min 
RECOVERY 70 37.1 
10 min 
RECOYERY 66 37.1 12.5 27.5 0.45
'
f 6.9 
15 min 
RECOVERY 60 37.1 
20 min 
RECOVEaY 60 36.6 12.5 93.2 1.17 107.2 1.340 0.869 172.9 2.162 19.44 0.243 300.80 3.76 10.0 27.5 0.364 6.5 9.3 3.9 2.4 46.3 
Table 88. CHAnGES rn URInARY,AliD 
" 
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'" 
" " Po 
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'" 
" o 
. 
, 
G>, 
<t 
-a 
-rl 
+> 
" 
" 
" o t.-
'" > ;:1 . 
" Cl.> 
t.-
" ~ 
... 
" Cl.> 
1
68
, 
~--~-+--~--~---+--~~--+-~+---4-----~--~--~r---+----+---+--~---+--~--~---4--~-+---5 ~in 118 1 37.0 
36.6 11.2 1.290 '1-1.07 0.'1-60 177.7 115.2 0.262 2.75 10.0 9-30 11.5 , 1.990 1.4 e .. 4 26.4 
. 
10 DiD 126 37.2 
15 cin 130 37.6 
20 ~in 132 37;7 12.7 129.9 1.650 65.20 0.828 1.99 196.8 
25 min 1'1-0 37.9 
30 min 1'1-0 38.0 
. 
35!!lin 1'1-8 38., 
'1-0 n!> 152 38.4 6., 73.0 0.'1-56 1'1-3.9 0.899 0·.51 198.7 
45 cin 1'1-6 38.5 
50 =in 1'1-8 38.7 
55 ~iD 1'1-8 38.9 
60 nn 1'1-8 38.9 2.0 ,0.5 0.061 20'1-.0 0.'1-08 Q.1'1-9 380.0 
5 t±l I ~O'lEaY 102 38.8 
10 min I ECO'lEaY 100 ,8.6 
1; nn ~0~~1Y 112 38.8 
20 ",1" :;,~OV:DY 103 38.8 5.0 52.0 0.260 172.0 0.860 0.302 180.0 
Table 89. Cl!.L1GES IN URIHJu'tY A.1D 
. 
11.3 28.8 0.392 7.61 
I· 
2.500 13.62 0.173 269.30 3.'1-2 11.3 26.3 0.'1-29 7.27 11.; 2.5 '1-.6 37.1 
·.1.252 20.16 0.126 '1-22.2'1- 2.64 20.0 26.3 0.,.'7.60 9.15 ,.7 5.5 P;7 %.1 
23.8 28.8 10.826 8.18 
·0.760 29.00 0.058 36,.50 0.73 21.3 28.8 1o~740 10.701.'1- 7.1 0.2 "..0 
. 
19.6 30.0 0.65} 15.03 
, 
0.900 38.40 0.192 '1-31.00 2.16 7.5 30.0 0.250 15.006;9, 5.7 1.< 28.7" 
SALIVARY pAllAMETERS (EXP.10) 
I\) 
\Jl 
\.0 
View 
:.u'T:l:"nnTrl ental 
260 
Recording of 
Sk:::L.:o. 
T ~xx:.:p er ature 
__ o/"' - -
Electric thermometer (Light laboratories) 
with probes. 
261 
262 
controls '.' for: the '" 
~. L .. _ .. __ .~ ._~ .. _,_._,;_~"L'_ •. ___ ._ ,,'. ~ ___ '_". 
four parts of the environmren!r __________________ ~ ______________ _J 
tal chamber (ceiling, walls, 
and' floor) " 
_____ ~. . H<Jmidify 
'.- - - - - -, =- ':'--":-_[1_:"1 controller 
11 D,l' ----------11 :" ------~.----
11 • 11 . 
11 Temperature!! J!..:_-_-___ -:..-:..-_-_-_-_-_-.=-== 
controller.' JI . 
-i _____ c_ 
\~.", . 
. ______ ._. _____ .____ ._. _______ .motor 
Schematic layout of the controls--for- the cliinatic chamber 
• 
. Whirling 
Hygrometer 
'-'~- . 
Fig. 2 
I i 
'- ... 
Environmental chamber (Internal view). 
'-~-,- -
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2. Recording Eo C. G. by 
... Washington Apparatus· 
---
. , 
To Air: inlets in ceiling 
" 
From Air outlets from ventilation 
in lower side walls, 
I 
I, 
vents 
I 
Schematic di'agramof air circulation in the climatic chamber 
, 
N.B.: 1 The si'de walls contain a water circulator 
• " ~ , ! 
I maintain wall temperature. 
system to 
'I 
1 
, , Environmental 
(Main automatic 
over-ride 
Chamber 
and manual 
controls) 
. --~~"---- --' --..----. ----~------
';' ._~:!~' t:!'(;':'~ 
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':.- : 
. ,.," '" • D I C L E E n G 0 MET E R 
.. 
according to B.A. !,!Uller 
Max PID.l1ek Iris titute for ':"Iorks Phys iology;.' 
Dort!:mnd ".t--.. 
' .. '. 
',- . 
The Bicycle Erl;ometer is a working ilpparatus u3ed in r.iediciq 
exur.lina tions for the purpose of: . ,: ".'." 
Deterr.linD.tion of the vhysical eapaci ty of a to·st-pex'son .. ;··· 
(capacity pulse index) ". . 
- Investigl,'I"t,ion of the', reactions of thc body U11der a lwO\vn . 
load of physical worlc (affect on assimilation, blood-cireu- ' . 
lation, fatigue, etc.) . '. ".'.':' ",;...,",~: 
Clinical detcn:dnC! ti~nof redt~eed 17or!dng capacity (reA.ue'~·d' ' •. ' ;, 
abili ty 'of earning onc's living) , ./,., .. '. 
.", ;. '.' 
,', ' '; '{ ~.- ~' Physical training. 
" ," 
DES CRI PT TON ",' 
\. 
The. Dicyele Ergol.1eter is equipFed wi tl1 a whirling~eurreni 
bralting systel!1, Idlich works ,.as follows: The I':l,~el ·has a.eopper· 
tyre which turns between'the poles of tivo stro!'6 portianent "". . 
maglletH. The posi tioD of t:lO IJag:-10ts' can be adjusted by :ope";. 
rnting D oran~-handle. thereby dipping the eopper-tjre more ,or , 
less deep) y into tl1n Gill) bntl'leCll the two 1!lagae'cs" ,'l~lle power. 
. of the ol()ctric I':hirling '\Urrellt :l(lnerateQ by thc/i'urning of.,.",~ 
" . ,"" 
, . tIw' wheel, and i. ts :.ll:n,dng cfrect, vary with the,pos'l1;ion of,'· : 
.. the mngnet~. TIIO field ~intensity of tbeoe magriots,is of:sue11/ 
good eOllstane:l. t~!nt thobr<tking Tesistanees at various posi-:- ,r 
tions of .t~le I~agnets, i.e. t;le work.ing load i!J:fJosed; on tl1etest,:-', 
'., person., can be recorded once for all on a scale •. This·calibrD.-
tionis I~ade at 60 pedal revolutions ~Je:' luim:te, ,and thatrate\ 
must, therefore, a 117,:\)':: ]~c obGerved by "the test-person;"·: This'~<" 
is attained by the 11(1) o:~ a pac8-l,:al:cl' which in suppliecj~17ith';. 
··the Ergometer. i!:vcn u:\:,r<\illed people le.:lrll quickly to keep'· : ',:, 
time in this way .. On the I'dce-!:'ld:el' , 0. sr-wll c,:clist .is .tobe·,:· 
soen who.ride:> on Cl semi-circle. If the speed (GO revolutions· 
pcr minutc) is correct, 'UIO cyclLz s~ands still on thci top of.':; 
the semi-circle - he ~ovcs forward ~f the tost-person'~edals " 
., too fU9t, and falls l1~~ck ,if hc :'eua}s; too slowly. lithe small 
cyclist· Is brour:ht 11::(:1: to Lhe cOl'net positior)' U11l!cr· t!10 mark; 
" '. the preccding accelerating, or slowing dow,'l/ hac been mado uP .. 
.. ',:~" for, i. c •. thi s 1.s n :i'~nu; .• ~~ pace-mal,er and not IJerely a' speedo-:-.' ~. oeter.A flexible shaft connects the Crgoaeter with the. pace~ 
.maker. When se~'('win!'; Lhn h~nd-piecc of the (llla:ft onto the' . 
couplin'g located ",1 the fl"ont rod of the Ergoi:19'cqr, level 11i th:'" .' . 
t4e trcadlo-be~rJn~, it must be ensured that the ~mD.ll.tongue,,·: 
" fits exactly 'into t;;Q sl()t of t!l(! counterpart.' On the di;hor,,: 
".' . l1D.ll(].j'-t,he;.:l>aCe-iiwker ie eonneetod to the nains, 220 volts' A. C. ,.' 
'. . }W, eycles. . 
1nJT>':/'<'" . .' '" ... 
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• •. ~ ! •• 
. ".'" ":. J .' 
l " ' • 
, -, ", !' I ' /. " • 
:i,WorUD':;a'pUatu for,·tIl. d"'1'II1aaUoa of tb. plardoal ;,: ;.' ... ' 
.: .:;;'o.~,a.1U'·ot e,. ,." p.,.OD· (,,«papaoUr· pul.o. 1aclox,.,tol'·,;:;,.~ .. , ., }'·~:\:.x·.laI.U ... " tla''~·.La.'ahu.a,01ro.1atlODI·,UI'.IID''''.to., 
1;;-:,'·;·'UDdl",:bonWOI'U.1 .'nll u'tel' oU.l.a1 etohl'll aatSoa.t . 
! .. ;" d.OH ...... OI'UDI o.,aoUr •• ,,41'''.' tor tl'aialDI ,.QO •••• 
!"t.'Un. .. . . '. 
';i~,fb''''U'''''111 .'1lt,pe4wltll a oopper cU.o whloh:';tan." . 
I·.',·:, .. "·,,·\:,,t .... · ..... ,.1 .. of • ,all' ot a .... '., tb •••• nt ... ;· .. ":::·,, '" 
,.._11'1 ... ' ...... WUIl .... U buet oraakhaa41 •. till et •• troct: <. 
;', ..... Uro ... : .... , OIl & .oato froa 0.' '.pto '0 Up/.oo.: ,. ·i" 
'; ,... • •• 1t: la 0&1" .. &\.4 for 60 'am. ot ,o1la1. po ... ata.,. Ii:' ~ ',. 
· ... 10111. aollit.oet 'ti7 tollowtaa • ,h •• I'J'tbII CaetI'ODoa). 01' 
::;;,.,. ••• ~ .... itb .~obl''' aoter. . . . ... ,.;, "I 
•. , ....... '.',,, •. ,.. .. : ... o:r 11 oo ... ot.et to. the Brlo •• t.r by .·lhxt.,lo' 
;· .• bUt..··Wh ... tb •• p.oet 1. OOlToot. tbe 'oID'nofth'.o'.... I 
.':.a1r ... ataDd •• Ull, it aoy •• to!'Waret it tbe ,.roon tr •• et. . 
; 'i; ,.:" t.;.; ''' •. aacl it fall. baok It tbe .Oy .... t b '. too;- 81ow., ., . I 
TII.£tlou'or bat a ,ear wbioh taor'D"'ii~ tb •• orUnc'load· 
.etU1D,. operation by 1 op/leo. AI a l'1l18 tbe ErloMtor aaet. 
'" .' tbt' paot ,Dalelr ar.· oaUbrate4 for 60 turn. of. pdah/.la,;· 
. By ~."';Of aD addUloDal •• arallo tuml of pe4al. of .' , 
'0,"'.1' and 90 oan be ObO.d. . . . .' .. ' . 
• fbe Ir,o .. t8l' 11 eQUlf,.dw1th a tr •• "'001 ,ear. It .1.:> . 
. oa.U,.· traa'portable ,I re.p. ,6 k,I). ll'OI' ollUctrea ' .. : . 
IbOl'l." tr.a410, anet allo a ... IUrla4410 oan b. flx.et •. ' 
" 'l'b. BrIO"'.r 18 .qulpped With a oaUbnUo. oontl'ol,whtob '" 
IlTI. tbe po.libility of re.etlnl tbe ,o.itio. of 'tllo,all' .. of 
;,; ·1IAJIi.b;on :.dla1 IBU,I wh.n o,eratial thl appara' •• witb··. . 
,: ' 
I": . 
:. > ", 
·60.t.l'IlI,of,ldall. It tb •. etlal .auc. dool1 ••• fr_·.4!I.'~,:the 
et.ptll 01;lDuI8I'1l0D of a' pl.o. of .ott lrOD Into th.· -P,ii\'" 
tttld OU" ohalll.d by a '"IOillf uUl the ,0.Ulon .... 0:,1. . 
obtalp,4 .. , ",aiD. .. ,," !No . , ,.;" 
-.-.-.-.-.-.-.-.-
" .. ,-
" i " .,., 
.. ' 
.. ' .. 
:. ' : ~ .: 'd·:: " ' . 
.. \ . 
'. J. 
' . 
• • 
, . 
.. 
!!!l!!!_~!I!!!!!!!:_!!!!!_g!!!!!!!:!!!!!!_g!!!!!!! 
lb •• i0701. Erlo •• tor baG DO. b.o. i.prOT.d b7 i •• talliDI 
• oalibratloD oODtrol poralttlnl to watob tb. oalibra.ioD 
p.I'1I ..... U7 aooordtD, to tbe tollowlnl ,rinoi,1e1 
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Tb. ,hot-oatet anel .. ed herewith ohowa on tbe le" tbe bratrlDI 
aDd oontrolllnl a,ste.. OD tbe rl&ht ha Dd aid. the d.Tl0. 
tor resulation tbo tleld lntonolty. 
Tbe ,r.aent type of Ergo.etor has the twi8tlDI 80.eDt around 
tbe axle 3 pre801n& the pall' of aagn.t8 out of tba oopper 1'1 •• 
Tbo .01,ht 1 baa been 001culat04 10 a .a1 that attor the 
upp.r and of the aprlDC 8 baa boen removod aDd it 60 turDS 
of p04a18 al'. aad8 per Dlnut. the twlotinl DODonto nroaDd the 
axle are balaDooa. 11' tbe pair of lIagnete hao a brAII,n, 
powor of 10 akc/aeo. 
Tbe Erlo.etor abould be plao.d atrlotl1 horisoDtal, whlob OaD 
ba 00Dtrol1ed by lIaans of the spirit level (9). 
DuriDS thia oalibration oontrol the 0 .. 41ak ls s.t on a Talue 
hi&b.r than 10 .~~'8eo.(appr. 20 IIkg/seo) 00 that the 1'011 (7) 
ia ell111nated froD the d18k. . 
Th. oontrol of the balanoe la Dade witb a 4ial lauce (2) whioh 
la fixed to the fraDe and pr ..... d wi tb a feeler a,aln.t a 
8urtao. (\). Tbe indioatioo of tbe dial gauce i. ohanged by 
the depth of plUBC1ng. If tb. dial Cauge ahow8 0 the plunaiD, 
of tbe raalneta 10 auUlolent for 10 agk/aeo. '.' 
If the field Inten81ty should ohange, tbe balance would be., 
roaobed at a pllUlgln, depth Of.1II61'8 or lea8 than O. . 
ID order to be able to oorreot th& fleld inton8tty • 811all , 
tlat piece of iron bss been placed between the end. of tho . 
aapot po1es.(A-B and C-D) Th10 piece of lron runs In a bra.s 
OOTer lnto wblcb it oan bo iDsorte4 moro or 1 ••• depply by 
a aor ••• On a 80alo wlth Tarnler the depth caD be road. For 
the baale oa1l1lratioD the pleoe of iroll 18 inserted 21'S ao 
that later OD the fle14 lDteD.ity080 be enlars.d. Tbe ayat •• 
allo.. an IDoreas. to approx. 10% of the bralnl po.or. ,.. .. 
If oallbratloD Is .anted tb. dial lau,. 18 put on 0 by tumiDI 
tho aorew. It should be oba.rTed that the te.tlDI poraoD to.p •. 
the tinier of tb. paoe maker OD tbe aa.e pOint b7 aOT1DS the 
pedala re,ularly. 
-.-.-.-.~.-.-
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Eich-Kontrolle fur das permanent-magnetisch gebren:aste······" 
Fahrrad-Ergometer nach E. A. Muller .' .. ' 
i. 
Prof. Or. E. A. Muller und K.·H. Ofech, Dortmund 
952 wurde van E. A. MOlier ein Fahrrad-Ergameler (Radmarkl, 
1952, S. 14-17) mit permanent.magnetisch induzierter Wirbel· 
trombremsung beschrieben. Durch Drehen einer skol,ierten Kur~ 
enscheibe wird die Eintauchtiefe eines ouf dos Hinlerrad oufge-
el.l.n Kupferblech·Ring. in don' Spa It eine. Magnelpaare. go· 
feuert und die auf der Skala vermerkte Bremsleistung einge· 
tellt. Die Tretzohl wird durch ~inen mit dem Ergometer gekoppel. 
en Schrittmocher vorgeschrieben. Dos Ergometer besitzt eine 
inrichtung, die durch Kupph.mg des Hinterrades mit der Kurven-
cheibe uber ein Reduziergetriebe die Leistung ie Minute urn 
o mkp/min erh5ht. Diese Einrichtung dient der Bestimmung des 
ei.lungs-Puls-Index nach E. A. Muller (arbeilswissenschafl 1962, 
r. 1, 6-10). 
cs Ergometer ,ist in vielen physiologischen und orbeitswissen-
chaftlichen Laborotorien im Gebrauch. Die vom Hersteller var-
enommene Eichung des Gerdtes hat sich nur in wenigen der 
epruften Fdlle im Laufe der Johre etwas geondert. 
rinzipiell bestehl der ·berechtigte Wunsch, die Eichung des 
rgamelers ouch ohne eine dafUr speziell gebaute kostspielige 
rehmomenten-Wooge kontrollieren zu ken"en. Wir hoben durch 
ine geringfugige Anderung und Ergonzung der ursprunglichen 
anslruklian die.e Kanlrallmoglichkeil der Eichung mil gleich· 
eitiger Regul·iermeglichkeit der Feldshlrke unmittelbor in dos 
rgometer eingebaut. Oas Prinzip ist folgendes: 
bb. 1 ze-igt links unten die Bremsregulier- und Eichkontrollvor-
ichtung, rechls oben die Vorrichtung zur Verstellung der Feld-
forke. Wie bei cler ursprunglichen Konstruktion isl dos Magnet-
or 5 on der im Rahmen kugelgelagerlen Ralle 3 befesligl, an 
er ouch der Ta.tbOgel 12 und do. Gegengewichl 1 fixierl sind. 
• unlere Ende de. Ta.lbugel. Irogl die Ralle 7, die durch 
edorzug 8 gegon die Kurvenscheibe 11 gedruckl wird. Auf der 
leichon Achse wie die Kurvenscheibe silzl die Skalenscheibe 10, 
r .' . 
...,. 
" . 
. ~ .. 
. / 
., 
.' 
.... :,: .,;. 
die durch Drehen der kleinen Handk~rbelaufdie'Leislung""erte 
eingestellt werden kenn. Soweit ist im . Prinzip di.8 olte Anord-
nun.g beibehalten worden. Oer einzige Unterschied ·bestehfdarin, 
daB bei der alIen Anardnung die Drehung des Hinlerrade. ein 
Drehmamenl um die Ach.e 3 hervorriof, welche do. Mcignelpoar 
in den Kupferrand des Hinterrades hineinzog. Bei der "euen 
Abb. 11 A"'riB der Eilnlmhlno aur Ein.'ellune cl., L.I,'ung,w.rte, IUP Ie_lroll. 
de, Eichwe,tes fiir 10 ..,kp/sec und ZUt Nachreg_li.rung d ... F.ldstB," cf., I" .... 
mClgnet,n ' .... : ~.; 
12 Tastll!ipel 
11 K/lMnsdu'IN 
117 Jk(1/ms("/MfO' 
9 WassNWtJope 
8 FedH 
'I RbN, 
I SichHhli/s-Af1Sd1/1l1 
S /'hP" mil NdJtIfstltw/l 
• "'lJullr-MKIJ/O§ 
1l4p1' 
11,.4..,. 
., ~;Iwidlt ' . 
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, .Magn~tpaar mit Einst.l1.chral,lb. fU, die Ft:ldSI6rk •. $ltolo mit Noniu. xum Abl.,.n do, lEin ••• II ... n;, Di. Log. de. feld.Uirke-vennind.rnden Eisen-
. den Polen del' techt." Magnete" I" ~rk.nnbar - Abb. 5 (,echts), Ergometer n\it Sd!utzkopp. iib., dam Mognefpaor und Zusob.Mognelpaar 
";.,j~;;,,; dogegen enlslehl ein Drehmomenl um die Achse 3, 
. Magnelpaar ous dem Kuplerrand hinausdruckl. Dos 
ist n'un 'so bem-essen, daB noch Aushcken des obere" 
8 beim Fahren mit 60 Pedalumdrehungen/Minule 
ID'rel,m"menleum die Achse 3 sich im Gleichgewichl beflnden, 
Megnelpoor eine der Laislung 10 mkp!sec enlspra-
",." 
einem MoSslab mit Nenius ist die Einsehiebtiefe abzulesen. Bei 
der Grundeichung wird dcs EisenstOck co. 2/3 eingeschoben, 
demit spmer durch Her~usziehen gegeb~nenfolls d.e Feldstdrke 
vergroBert werden ken'n. Die Vorrichtung erlaubt ca. 10 % Era 
hahung der Bremskraft. . 
• 
. . 
, 
. ausubl. Eine Aulslellung des Fchrrades aul 
• Bei der Nocheichung stellt man einlach durch Drehen der Randel- ~ 
schraube die MeSuhr auf 0, webei man dorouf cehten muB, daB .~ 
1~;(~I~~~~,:u~.'nterlagel durch die Wosserwaoge 9 kontrolliert, ist Wahrend dieser Eichkonlralle wird die Kurven-
einen h5heren Wert als 10 mkplsec (ca. 20 mkp/sec) 
.",,1.,111, demit die Rolle 7 van der Scheibe abgehoben isl. 
Ko",rc,lIe des Gleichgewichls erfolgl oul der MeBuhr 2, die, 
Rc'hm,en fest verbunden, mit ihrem Toster gegen eine am 
. silzende Floche 4 druckt. Die MeBuhronzeige andert 
mit der Einlauchliele. Zeigt die Mefluhr 0, sa enlsprichl sie 
bei der Eichung lur 10 mkp/sec notwendigen Einlouchliele 
I~Aolln"tp"ar·es.Wurde sich die Feldstarke des Magnelpoares 
wurde si ch dos Gleichgewicht bei einer groCeren oder 
_erE'n. else vcn 0 cbweichenden Eintouchtiefe einstellen. 
l'ler,stellun,g der Feld'larke wurde in eines der Mognetpaare 
I zwischen die Enden der Mognetpole 
(Abb. 1, Schnitl A-B und C-D und Abb. 4). Dieses 
.r"tikk Iduft in einer MessingfOhrung, in der es mittels einer 
verschieden tief eingefuhrt werden kenn. An 
die fohrende Person durch gleiehmdBiges Treten den Zeiger des 
Schritlmachers meglichst ruhig aul einen Punkt hall. 
Die Abbildungon 2 und 3 I"igen die beschriebenen Einslell-"uoo 
Eichkontrellvorrichtung cus zwei verschiedenen Blickwinkeln . 
. Abb_ 4 veranschaulichl die Einstelleinrichtung der Feldstarke. 
Abb. 5 schlieBlich gibl das Gesamlergometer wieder. Der 
Schutzrahmen tragt on der Stelle des Magnetpoares eine Koppe, 
die eine Verslellung der Rdndelschroube durch Unbef.ugle ver-
hindert. Oer im unteren Teil des Rahmens sichtbore Zusetz-
magnet wurde fur Spezialversuehe mit besonders hohen Leistun-
gen (bis IU 40 mkplsec) angebrocht. . 
Dos Ergometer wird in Zukunft serienm6Big mit der Eichkontrolle 
vcn der bisherigen Herstellerfirma Zentrolwerkstatt Gottingen 
G. m. b. H., Bunsenstr. 10, Gotfingen, geliefert. 
Anschrift der V.rlasser: Max-Planck-Institutl. Arbeitsphysiologie, 
Rheinlanddamm 201, 46Dorlmund. . 
.\ 
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10.3 
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12.2 
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14.0 
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der ,Skalt£"f'U.fti.:d.'t 
of'" scale. f'or ait-"teinpera t'llrea 
5~8 
G •. 7 
7;7 
807 
9.5 9.6 9.7 9.9 
10.4 10~6 10~7 10.9 
11.4 11~5 11~7 11~B 
12.3' 12.5 12~7 12.B 
13.3 13.5 13.6 13.8 
14.2 14.4 14.G 14.8 
5.2 1 5 • t" 1 5 ,6' 1 5 • 8 
16.1 16;3 16.6 16.8 
17;1' 17;3 17;5 '17:8 
18.0 18.3 18.5 18.8 
19.0 19.2 19.5 19.7 
19.9 20;2 20;5 20;7 
20.9 21;2 21;4 21;7 
21:8 22.1 22;4 22.7 
22.8 23.1 23.4 23.7 
23.7 2~.0 24.4 24.1 
24,7 25.0 25.3 25.7 
25.6 26.0 26;3 26.7 
26;6 26;9 27~3 27;6 
21.5 27.8,28.2 28.6 
23.8,29. 
10.0 
11.0 
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13;0 
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15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21 ; 0 
22;0 
23;0 
2';-.0 
25.0 
26.0 
27 ;0 
28;0 
29<>0,' 
10.1 10.3 10.4 10.5 10.6 10.8 10.9 11.0 
11.1 11.3 11.4 11.6 11.7 11.8 12.0 12.1 
12;2 12.3 12;5 12.6 12;8 12.9 13;1 13.2 
13.2 13.3 13.5 13;7 13;8 14;0 14.2 14.3 
14.2 14.4 14.5 14.7 14.9 15.1 15.3 15.4 
15.2 
16.2 
17.2 
18.2 
19,,2 
15.4· 
16.4 
17 .4· 
15.5 
15.6 15.8 16.0 
17 .0 
18; 1 
.] 0·..., 
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CALIBRATION OF CYCLE ERGOMETER 
1. Disconnect the retaining spring (8) so that the magnet 
assembly and control arm (1,5,12) can be moved freely, 
a pendulum on its spindle (3). 
2. Unlock the gear wheel level' to 'Aus' position. 
27'+ 
like 
3. Move the large scale (10) with the small crank handle to 
align the 200 watts mark on the '60 U/min' scale with the 
reference mark engraved in the ruler. 
'+. Connect the cycle ergometer to the pace-maker by its flexible 
shaft and connect the pace-maker to the mains. Set the gear 
box to '60'. 
5. The subJect must cycle continuously and exactly at 60 rev/min. 
check that the reading on the calibration dial (2) is 'zero' 
on the circumference and (10) on'the small slide scale. 
If necessary adJust for 'zero' by means of the screw (1) the 
position of the magnet core between the two permanent magnets 
When the'zero' and the '10' mark have been obtained, ask the 
subject to stop work and reconnect the retaining spring (8). 
6. Measure the heart-rate with the subJect resting seated on the 
cycle ergometer. Continue repetiti~ns at 3 min intervals 
until a consistent heart-rate is obtained. 
7. By means of the crank handle reset the large scale (10) to 
'Beginn LPI' on the '60 U/min' scale and lock the gear wheel 
lever to 'Ein' position after the subject has reached constant 
60 rev/min pedalling rate. Have the subJect pedel continuously 
and exactly at 60 rev/min it takes two minutes to reach the 
'zero' work point'. After this, the load increases automati.'" 
cally every minute by 1m.k.p/s ~ 10 watts. The subJect needs 
to continue cycling until the scale reads about 200 watts 
during which heart rate should be recorded continuously. Some 
subJects are sufficiently fit to continue work to the end of 
the scale at 250 watts. 
8. 1'hen the subJect finishes work, continue recording heart ,rate 
periodically until the heart rate returns to a reasonably 
steady approximation of the prework level while sitting on 
the cycle ergometer. ' 
9. Construct a heart· ·rate-work rate graph with the x-axis as the 
work rate and y-axis as the heart rate and determine the skill 
and frictional factors by extrapolating the linear part of the 
graph back to zero work rate on the x-axis. The nett work is 
indicated on the large scale (10) and the corrected nett work 
performed is the scale reading plus the skill and innate 
frictional factors of the ergometer. 
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Diagram of ergometer used 
in the present study 
(see appendix D ) 
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CALCULATION OF CORRECTED NETT WORK ON CYCLE ERGOMETER 
N.B. Corrected work will be nett plus extrapolation value. This ' 
-, ~. ' . 
is different from Gross Work which includes Watts to stay 
alive and is a personal value plus corrected nett. 
HEART RATE 7 
,., R - WORK telatioltsJu'p 
. on c.ydt 
'testti1j HR . w Sbw -->~ WaR/( RAn: OH C.yCLE 
---....;>~ NETT' WORK 
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OPERATING PROCEDURE FOR PORTABLE OXYGEN ANALYSER TYPE OA.272 
1~ Switch on the instrument. 
2. Check supply voltages B1 and B2• Adjust B2 if necessary. 
,. Switch to 'Amplifier Zero' and adjust unt~l meter reads between 
o and 5 on the 25 % scale. 
4. Switch to the 25 % range. 
5. Pass nitrogen (or other zero gas) through analyser. 
6. Switch to the 5 % range. 
7~ Stop gas flow. ' . 
8. Adjust zero. 
9. Pass zero gas through the analyser again. 
10. Stop gas flow. 
11. Check if the zero is still correct • 
. 12. Switch to appropriate range for calibration gas, i.e. 25 % for 
air, 100 % for oxygen. . 
1,. Pass calibration gas through analyser. 
14. Stop flow and adjust span control to give correct reading. 
15. Pass calibration gas through analyser. 
16. Stop flow and check the calibration is still correct. 
17 •. The instrument is now calibrated for ranges 0-5, 0-25 and 
0;..100 % oxygen. 
FOR SUPPRESSED ZERO SCALE: 
Calibrate as for standard ranges (1-17). 
18. Pass suitable span gas through instrument, e.g. air-21 % , 
oxygen. 
19. Switch in suppression and adjust the suppression control until 
the correct reading is achieved. 
20. Switch to the appropriate span. 
EXAMPLE: Desired range 16-21 % oxygen. 
1. Calibrate for zero and span. 
2. Put air in the instrument on the 25 % range; meter should read 
21 % oxygen (recorder output will be 8.4 millivolts). 
,. Switch in supprGssion. 
4. Adjust suppression control until the meter changes from 21 % 
to 5 % oxygen, that is 16 % suppression. .. 
5. Switch to the 5 % range. 
6. Adjust the suppression control until the meter reads full 
". scale. 
7. Analyser now reads 16-21 % oxygen. 
EXAMPLE: Desired range 75-100 % oxygen. 
1. Set zero using appropriate zero gas.. 
2. Switch to the 100 % scale. Set span to 99.95.% oxygen using 
. oxygen or to the value given on the cylinder. 
,. Switch in the suppression. 
4. Adjust the suppression control until the meter changes from 
100 % to 25 %. 
5. Switch to the 25 % range and adjust suppression voltage until 
meter reads full scale. The instrument now reads 75-100 % 
oxygen. 
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OXYGEN ANALYSER TYPE OA. 272 
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Procedure t~ith the ·Flame Photometer 
1) . Turn the Gensitivity control fully anti-clockwise •.. 
... 2) . Select and insert the appropriate optical fllter for the ion unuer 
test.· 
. 3) Slfitch the instrument ON, ensuring that the galvanometer is unc1amped. 
·.4) Move aside the mica window, and insert a lighted taper above the . 
burners. 
·S) Turn on the gas supply to light the flame, ~,ithdra.1f the taper and· 
close the tJindol1. 
6)· SIf!tc.h·ON the compressor. Adjust the air control to give a reading 
7) 
8) 
9) 
10. 
11. 
12. 
13. 
14. 
. 15. 
. of 10 p.B.i. on the pressure gauge. The flaUle I-lill tend to be n01"7 
. when starting from cold and the instrument should be left for a fell 
minutes to stabilise. 
Slide a beaker of distilled water into the sample recess. and .. 
rai~e it to the stop. . . . .. 
Adjust: the gas control to produce a flame with one large central blue' 
cone. 
With tbe distilled water sample still in poaition, !!lO\~ly close tbe 
gas control until ten separate b1t'9 flame-cones just form •. This 
provides a reference lp-vel for all subsequent settings; but it is 
useful to remember thae the control settings may be left undisturbed 
by turning the gas and air supplies off after use at their sources . 
and not at the inatrument. Little. if any, readjustments shouTcil}e 
necessary for subsequent operation. Do not adjust the gas supply to 
alter the sensitivity of the iniltrument.-- . 
Set the ·calvanometer to zero by means of the "zero" control against 
n· reagent "blank" solution. . 
Replace the reagent blank by a standard solution of the concentration 
corresponding to a reading of 100 on the calibration curve in use and 
adjust the sensitivity control to give approximately full scale deflection. 
Reset the· zero against ·the "blank" solution. . . . 
nlese tt~o settings may need to be rechecked hac1~ and forth until.IJr)th 
read corrnctly. Eventually the sensitivity cont~ol <"an be 8~t tn nlve 
exactly full Bcaledeflection. check thh setting from time tll time 
r1urill8 a "erica of tests. 
Check the zero rending I~ith the renc~nt hlank. 
Present in turn each standard solution prCl'lIfl'!<\ IIlId note the rea<.Hnr,s • 
For the calibration curve plot metpr rp.lldin(;~ • or-linnte and con-· 
centrationa • abscissa.· . 
16. Use correct filter for each standard, also l~aRh inAtrulr.cnt through 
with distilled water before presenting a differ.ant standard. 
When the instrument has been calibrated for all the test ions you 
may proceed with your experiment. 
I 
280 
:E;;:::~;~_c~-':TI 
(2) ~:: 
Flame Photometer 
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Washing at the end of operation must be carried out with 
plenty of water (if necessary hot) and with alchol to leave 
the chamber dry. 
18. Standards should always be run both before and after analyzing 
a serious of unknown solutions, to be sure that the calibra.".:. 
tion is constant; if there is considerable fluctuation, each 
unknown solution should be followed by a standard closely 
equralent to it • 
So41U111 Md PotassiUIII in Urine 
Sodilllll ,. Mean 4615 ~/24 houxe 
Potass1U111 .; MIiIan 2740 111'1/24 hours 
(1) Prepare standards aB detlcrib~d. 
(2) CaJibTate instrument: enllur1n9 e,ppropr1at., fUter 18 installed. 
(J) llilute ~ sQIIlP1e of urine 
(1) 1.500 time. for X 
and' (2) 1.100 t1lllea for Na 
or dilute u necea8axy. 
(4) Read on pho~ter usin9awropdate fUter, adjust readin9's for dilutions. 
Standardisatlon of Flame PhotOllleter u81:12 S. t. Un! te 
(1) Malte-up molar • SodiUIII Chloride I 58.4G 9/1 
I PotusiUIII Chloride , 74.56 'l/l 
store in polythene bottles. 
(2) DUut. Nacl. 1.5 • 200 mM Stock 801n. 
DUut. ICe! 1110. l()() mM Stock seln. 
Prepare a 8tand~.at1on eeri8s a8 follows. 
Stock Sodila 
III 200 mM/l 
1.25 
2.50 
3.15 
5.00 
7.SO 
StocJ; l'otau!um 
100 mH/l 
2.5 
5.0 
7.5 
10.0 
15.0 
Scd1U111 and Potassium 
Content. mW1 
0.25 
0.50 
0.15 
1.00 
1.SO 
Make all solutions up to 1 L with deicmiBed water. 
Calibrate photometer usin9 appropriate fl1ters, plot calibration curves for 
each ion. 
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Factors Affecting Flame Photometry 
I. Factors depending on the instrumental system:-
1-1- Factors depending on the source of emission: ~hese include 
.> a- Nature of the fuel gas: A wrong choice of gas may 
prevent good sensitivity for elements to be studied. 
b- Characteristics of the flame: The characteristics in 
design of the burner ,will affect the size and shapeof 
the flame relative to the proportion of fuel gas/ 
supporting gas. This will also affect the sensitivity 
of the photoelectric cell. Similarly selection of the 
different areas of the flame may give rise to a loss 
of sensitivity or changes in calibration readings. 
c- Products of combustion may cause combustion inter_'. :( 
ference. 
d- Flame spectrum: Band spectrum and selective slot width 
in the continuous spectrum of the flame can cause 
position interference with some lines. 
1-2- Factors depending on the other parts of the flame photo_ 
meter: These include: 
a- Atomising system. 
b- System of wave length selection. 
c- Electrical circuit snd measuring device: Disturbances 
arising from instability of electric current can be 
regulated by the use of voltage stabiliser. 
II- Factors depending on working cond1tions:-
1- Pressure adJustment: Perfect pressure control is important 
2- Dial readings: Care must be taken with zero adjustment 
since a zero error could cause wrong readings. 
,- Time spent, on readings: Excessive time in taking readings 
cause variations in atomisation since the chamber becomes 
too damp, or wrong readings are taken because of the 
formation of saline deposits on the burner or in the 
suction tube. 
4- Solution and connecting tube contamination are the major 
sources of error. 
III- Factors depending on the.samples:-
1T Factors depending on the physical properties of the 
solution: 
a-Viscosity: An increase in viscosity lowers the atomisation 
\ 
r,ate, with a consequent weakening of the emission, causing defect 
errors and loss of sensitivity. 
b-Surface tension: this affect the emission in' a similar manner tol 
,-:,viscosity. I 
2- Factors depending on the mineral composition of the sample: 
a- Factors tiepending on the element under analysis itself: This is . I 
well shown as a departure from linearity in the calibration curve~ 
These variations in the shapeof the curves are the result of a 
lack of proportionality between the light intensity and the 
concentration. 
b- Factors depending on the inorganic substance present in the 
solutions: The varying nature of the original samples analysed in 
flame photometry and the preliminary chemical treatment they 
receive make it inevitable that free acids, ammonium salts, 
metallic elements and anions of various kinds appear in the 
prepared samples. However, some investigators find that no serious 
disturbances arise from the presence of inorganic acids or anions 
corre,ponding to the salts in solution. 
c- Factors depending on the simultaneous emission from elements 
present in the solution: This is probably the most cause of error 
in the flame photometer analysis since the factors that produce 
the disturbances are the most difficult to eliminate; they result 
result from the radiations themselves of the elements present in 
the solution, which are excited in the flame at the same time and 
under the same conditions as the element under analysis. Given 
that the radiation causing the disturbances is due to extraneous 
elements different from the element under analysis, the ideal 
would be a prior chemical separation of those elements. 
MEASURE:1ENT OF CHLORIDE 
Short test tubes (about 16 X 95 mm) are most suitable for the titration. The 
glass equipment must be cleaned thoroughly and rinsed out with redistilled 
water before use. 
The titration of the standard is not necessary whilst performing the anaJys!s 
and the calculation: it is used only for familiarisation with the method and 
for detection of the end-point. 0.10 ml of chloride standard solution should 
require 1.00 ± 0.03 m1 of mercury(I!) nitrate solution. 
Pipette into the titration vessels: 
Sample Standard 
Serum 0.10 ml 
-
Chloride standard solution 
- 0.10 m1 
Redistllled water about 1 m1 about 1 m1 
Indicator solution f) 0.2ml 0.2ml 
Titrate the sample and standard with 0.01 N mercury(II) nitrate solu, 
tion 0 to a violet colour-change. Any colour change occurring at the 
beginning of the titration may be disregarded. 
-
--
-
Calculation 
1.00 ml of 0.01 N Hg(NO,), solution is equivalent to 0.355 ml of Cl or 0.01 mmol 
of Cl. 
ml of 0.01 N solution used X 100 = mmol C1I1 
ml of 0.01 N solution used X 355 = mg Clll00 ml 
Determination in urine 
'To determine the chloride concentration in urine, dilute the sample 1: 1 with 
redistilled water. The procedure is as described for sarum. If the urine is 
alkaline then bring the pH in the titration vessel to pH 3.0 (use pH paper) by 
adding approximately 1 N nitric acid. When using the above equation for 
the calculation the result must be multiplied by 2. 
Serum: 
Urine: 
Liquor: 
Normal ranges 
334 - 395 mg ClIl00 m1 
94 - 111 mmol CII1 
200 meq C1I1 (mean value) 
170 - 250 mmol C1I24 hours' urine 
e - 9 g C1I24 hours'urlne 
410 - 470 mg ClIl00 m1 
115 - 132 mmol C1I1 
Reagents 
o Mercury(I!) nitrate solution [0.01 N Hg(No,),l 
o Indicator solution (0.02 M diphenylcal'bazone in ethanol) 
o Chloride standard solution (0.1 N HCl) 
The rea.gents are sta.ble up to· t~e expiry da.te stated when sel..aled and stored at + 15 to + 25° O. 
5. R. J. Henry, CiJilic&l·Ch~~istry. Principles &tidTeChlilques. Hoeber Medical Division (1964), 
pp. 403-·~108 
! 
, 
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MEASUREMENT OF CREATININE 
Equipment 
Spectrophotometer or filter photometer' 
Reagents 
o Buffer Bolutlon 
313 mmolell of NaOH 
12.S mmolell of phosphate 
e Picric acid 
8.73 mmoleJl of picric acid 
E) Standard Bolutlon 
1 mg/dl = 88.4 ~molell creatinine 
All reagents are stable up to the expiry date stated when sealed and stored 
at +150 C to +25° C. 
Preparation 
Pre-warm the reagent solutions 0 e and E) as well as the serum or 
1 : 99 diluted urine (see note 1). 
Procedure 
Prepare 'One or two standards for each series of samples. 
Pipette Into test tubes: 
-,-' 
- c:. 
.... Sample 
. Standard 
Serum or 1 : 99 diluted urine O.SOml· 
Standard solution 0 O.SOml 
Buffer solution 0 1.00ml 1.00ml 
Mix and heat to constant pro-selected temperature for 
S minutes (see note 1) . . . . 
'. Picric acid e 
" 1.00ml . ,I' 1.00 ml 
Mix. well, pour Immediately Into the cells, measure the 
absorbance A, after 1 minute (see note 2). Exactly S minutes 
after the first measurement measure absorbance A2. 
, i 
, "~ 
Wavelength: Hg 492, IL SOO, Cd S09 Light path: 1 cm 
With values above S mg/dl creatinine (= 442 ~mole/I) of serum or 
1 : 99 diluted urine repeat the determination with sample diluted 1 .: S 
with Isotonic sallne~~_d multiply the ~sult by 6.___ __ .. _ 
Calculation 
Serum: 
Creatinine concentration = 
= 
Urine: 
Creatinine concentration = 
AS2 - AS1 
ASI2 - AStl 
A"-A,, 
AS!2 - ASt1 
A"-A,, 
ASI2 - ASt1 
X [mg/dl] 
. X 88.4 I~mole/l] 
X 100 [mg/dl] 
AS2-Asl 
= A", As., x,a.84 [mmole/l] 
As "== absorbance 01 the sample As, = absorbance of the standard 
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Normal range 
Serum: 3) men: 0.7 10 1.1 mg/dl 
62 1097 ~mole/l 
women: 0.6 10 0.9 mg/dl 
53 1080 ~mole/l 
Urine: men: 8.7 1024.6 mg/kg body welghl In 24 h 
0.077 to 0.217 mmole/kg body weight In 24 h 
women: 7.3 to 21.4 mg/kg body weight In 24 h 
0.065 10 0.189 mmole/kg body weight In 24 h 
Notes 
1. Since the reaction Is highly temperature-sensitive care must be 
taken to ensure that the solutions are pre--heated to an exact 
temperature and the reaction must proceed at constant tempera .. 
ture. In particular, the reaction temperature of the standard and 
that of the sample must be identical! Provided these conditions 
srs fulfilled, the determination can be carried out at any chosen 
temperature between + 20 and + 37° C. 
2. With reactions at temperature above + 300 C the absorbance Al 
must be read after 30 seconds. 
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DETERMINATION OF UREA 
Reagents 
1 x 0 Urease Suspension 
1 X 0 Standard Urea Solution 
1 X 0 Phenol Reagent (concentrate) 
1 X 0 Hypochlorite Solution 
If these reagents are kept In stoppered bottles In 8 'refrigerator (at +20 to +6°), 
they can be used up to the expiry dale specified. 
Solutions 
Solutions (3) and (4) are strongly corrosive and must not be allowed 
to come in contact with the skin. 
(1) Urea.e Suspension: ;;;: 3.5 kU/I of urease. 
The contents of bottle 0 are well shaken and used without dilution. 
(2) Standard Urea Solution: 40 mg/dl = 6.66 mmole/l of urea. 
The contents of bottle E) are ready for use. 
(3) Phenol Reagent: 150 mmole/l of phenol; 0.47 mmole/l of sodium 
nitroprusside. 
Cat. No. 3334: The contents of bottle 0 are made up to 500 ml and 
mixed well. 
Cal No. 14315: The contents of bottle 0 are made up to 1000 ml 
and mixed well. 
The solution can be used after storage I'; a dark glass bottle tor 1 month 
at room temperature or lor 6 months in 8 refrigerator. 
(4) Hypochlorite Reagent: 13 mmole/l of NaOCI; 130 mmole/l of NaOH. 
Cat. No. 3334: The conlents of bottle 0 are made up to 500 ml and 
mixed well. 
Cat. No. 14315: The contents of bottle 0 are made up to 1000 ml 
and mixed well. 
Tho solution can be used after storage for 1 month at room temperature 
or tor 6 months In a refrlgorator. 
Performance of the analysis 
1 Standard and 1 blank test are Included In each analysis series. 
Urease Suspension 0 ,.; 1,0,2 ml :.;-."" 
Standard Solution 0'· -:- '. ',;':. i 
r Serum or 1 +99 " .. ,.0,02 ml".'H 
'.' diluted urine,. . '. ,',:'>: '." , .. , .:., ; .... ' 
.O;2ml. i 
. 0,02 inl ~')' ! 
-'- ',' 
0,2 ml:. .! 
I 
-. 
; :." ., ... ,. c' 'C, i 
,5,00 ml:, j 
5,00 ml ... j 
I'. Mix,' hold. for· 30 • mln at r66ni:'tei11peritur.'(20':25~ Cl.' or' for', '1 
l, :,:J5, mln: at 37~_C .. ,· and r measure .:the" extl~.~t'o:~s_, ?~: ,t~,~, .a~.aly~ls :--~:' 
r " and standard samples against the blank. ~,M'~:.~, _:~,' ~ .. '~.: ".-~,j"",:,'" ""''''-:-'' ~ 
Extinction maximum: 620 nm light palh: 1 cm 
Wavelengths: 540-640 nm, e. g. Hg 546, Hg 578 
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Calculatiori---' -- .- -
The following equations -can be used to c~lculate the concentrations 
(c) of urea in the sample material: 
. 
. Urea 
mg/dl 
40 C=EA'--ES 
Serum 
mmol.1I ' , 
,. 6.66 
C=EA'--Es 
g/24h 
40 
,y c=EA'--ES 
Urine m;"0Ie!24h 
',.' ",' 666 ' C=EA'-- ,y 
, ' Es 
, 40 
, gll 
" " 
,c=EA'-E-
" . S ' 
" EA=extinctlon of the analysis sample Es=extlnctlon of the standard 
V=volume of 24-h urine in litres .. 
Ditution 
Serum: 
Urea: 
200 mg/dl = 33.3 mmol.1I 
200 gll = 3.3 mmolell 
At higher urea values the serum Is diluted 1 + 1 with 0.9 010 sodium 
chloride solution (dilute urine 1 + 199 with' redistilled water);, the 
determinations are repeated, and the result is multiplied by 2. 
Normal range 
Serum: .. 
Urine: 
20-40 mg/dl urea 
3.3-6.7 mmole/l urea 
20-35 g/24 h urea 
330-580 mmole/24 h urea 
The normal range depends on the protein intake, as shown by the 
following table: 
"Note 
Protein Intake 
g/kg body 
weight/day 
0.5 
1,5 
2,5 
mg/dl 
13-23 
24-52 
31-59 
Urea . 
mmolell 
2.2-3.8 
4,0~8.7 
5.2-9.8 
When exact plpetUng of 0.02 rnl Is impossible. the serum" and the standard 
are diluted (1+10 or 0.1+1) with water and 0.2 rnl portions of these solutions are 
used for the determination. It is Important to pipette the serum, diluted urine, 
or the standard to the bottom of the test-tube and to mix them very thoroughly 
wilh the urease suspension. 
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The following questions were asked before 
arranging the participation of our subjects in the experiment 
1. Are you in good health? If No, please explain. 
2. Have you any objection to having electrodes or other 
devices attached to the surface of your body? 
3. Have you ever suffered from serious illness, or any 
operations? If yes, please explain. 
4. Are you suffering from or have you suffered from, any 
the following conditions? 
of 
(a) Mouth Infection (b) Back injury or back pain 
(c) Coughing up, vomiting or passing blood. 
(d) Ulcer (e) Haemorrhoids 
5. Do you suffer from any disability or defect affecting 
your daily life? If yes, please explain. 
6. Are you at present under medical treatment of any kind? 
If yes, please explain. 
! 
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FIG. 7.-The psychrometric chart • 
. (From: S~PP~t t.Mtdic:' Research c"undl War M.",..."""um .No. '7, H.M.S.O., 1946.) 
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